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FOREWORD 


Thla  report  presents  the  (Inal  results  of  one  of  the  46  projects  comprising  the  military-effect 
program  of  Operation  Plumbbob,  which  included  24  test  detonations  at  the  Nevada  Test  Site  in 
1957. 

For  overall  Plumbbob  military-effects  information,  the  reader  is  referred  to  the  “Summary 
Report  of  the  Director,  DOD  Test  Group  (Programs  1-9),  “  ITR- 1445,  which  includes:  (1)  a 
description  of  each  detonation.  Including  yield,  zero-point  location  and  environment,  type  of  de¬ 
vice,  ambient  atmospheric  conditions,  etc.;  (2)  a  discussion  of  project  results;  (3)  a  summary 
of  the  objectives  and  results  of  each  project;  and  (4)  a  listing  of  project  reports  for  the  military 
effect  program. 


ABSTRACT 


The  objective  of  the  project  was  to  investigate  the  behavior  of  pressure-activated  antitank  mines 
under  air-blast  loading  from  a  nuclear  detonation.  Of  particular  interest  were  the  reliability  of 
current  methods  for  predicting  probability  of  land-mine  actuation  from  nuclear  detonations,  the 
effect  of  burial  depth  on  mine  actuation,  and  the  effect  of  sympathetic  actuation  in  extending  the 
range  of  mine  clearance.  In  addition,  a  study  was  initiated  to  determine  if  special  methods  were 
needed  for  prediction  of  mine  actuation  at  particular  ranges  of  transition  in  the  pressure-wave 
shape. 

Fifteen  mine  types,  both  United  States  and  foreign,  were  employed.  Test  results  indicated: 

(1)  the  procedures  for  predicting  mine  actuation  under  nuclear  detonatioas  were  reasonably 
accurate;  (2)  in  the  live  mine  fields,  sympathetic  actuation  occurred  among  mines;  (3)  the  re¬ 
sponse  of  the  Universal  Indicator  Mines  (UIM)  increased  with  burial  depths  to  a  maximum  value 
between  6  and  9  inches;  and  (4)  the  reliability  of  the  actuation  curves  can  be  improved  by  labora¬ 
tory  testing  of  adequate  sampling  of  mines. 

Included  within  the  project  were  four  subprojects  conducted  by  or  for  Picatinny  Arsenal, 

Diamond  Ordnance  Fuze  Laboratories  (DOFL),  Chemical  Warfare  Laboratory  (CWL),  and  the 
United  Kingdom. 

The  purpose  of  the  study  by  Picatinny  Arsena1  was  to  evaluate  the  effectiveness  of  two  experi¬ 
mental  actuation  devices,  High  Hat  and  Partner,  in  providing  pressure-actuated  mines  with  pro¬ 
tection  against  blast  effects  of  nuclear  detonations.  It  was  concluded  that  High  Hat  provided 
significantly  improved  resistance  to  clearance  and  warranted  further  development.  Although 
Partner  worked  well  at  high  overpressure,  it  was  concluded  that  the  value  of  the  design  was  ^ 

questionable  at  pressures  less  than  16  psi.  I 

Chemical  Warfare  Laboratory  attempted  to  determine  qualitatively  the  ground  contamination 
pattern  produced  by  E-S  land  mines  detonated  by  a  nuclear  blast.  Two  mines  were  detonated  by 
Shot  Priscilla.  Preliminary  inspection  showed  that  the  contaminant  was  spread  to  a  distance  of  I 

S  yards  from  the  mine  detonation.  Analysis  indicated  a  difference  in  the  distribution  nf  ground 
contamination  patterns  between  mines  detonated  by  the  nuclear  blast  and  those  detonated  Individ-  ' 

ually  prior  to  the  test.  Dust  storms  that  followed  the  explosion  may  have  been  responsible  for 
the  observed  difference.  j 

A  special  program  was  Instituted  to  test  four  British  mines  under  conditions  specified  by 
British  authorities.  The  objective  was  to  supplement  current  British  data  on  the  behavior  of 
these  mines  under  nuclear-blast  loading.  A  cursory  examination  was  made  after  the  blast  to 
determine:  (1)  displacement  of  mine  by  blaat,  (2)  damage  to  the  mine  body,  and  (3)  functioning 
of  the  fuzes.  Analysis  will  be  performed  by  the  British  and  the  results  determined  are  not  a 
part  of  this  test  program  nor  are  such  results  expected  to  be  available. 
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Chopter  / 

INTRODUCTION 

1.1  OBJECTIVE 

The  objective  of  this  ■  reject  was  to  Investigate  the  behavior  of  pressure-activated  antitank 
mines  under  air-blast  loading  from  a  nuclear  detonation.  To  represent  the  various  actuation 
systems,  mines  from  the  United  States  and  from  NATO  and  other  foreig,  nations  were  used. 
The  aspects  of  particular  Interest  in  the  investigation  were:  (1)  reliabll  :y  of  current  methods 
for  predicting  the  probability  of  land  mine  detonation  from  nuclear  detonations,  (2)  effects  of 
depth  of  burial  upon  the  actuation  of  the  mines,  (3)  effect  of  .sympathetic  actuation  in  extending 
the  radius  of  clearance,  and  (4)  percentage  of  mines  actuated  by  tha  explosion.  In  addition,  it 
was  expected  to  determine  if  special  methods  for  predicting  mine  actuation  would  be  needed  at 
particular  ranges  where  transitions  In  the  pressure  wave  shape  occurred. 

Plcatinny  Arsenal  Investigated  the  effectiveness  of  two  experimental  designs  in  providing 
pressure -actuated  mines  with  protection  against  nuclear  blast  effects.  The  two  designs  were 
code-named  High  Hat  and  Partner. 

Diamond  Ordnance  Fuze  Laboratories  (DOFL)  Investigated  the  vulnerability  of  three  types  of 
antitank  influence  mine  fuzes  subjected  to  nuclear  detonation. 

Chemical  Warfare  Laboratory  (OWL)  investigated  the  ground  contamination  pattern  produced 
by  E-5  chemical  land  mines  which  had  been  detonated  by  a  nuclear  detonation. 

A  special  investigation  was  conducted  for  the  United  Kingdom  to  investigate  the  behavior  of 
three  types  of  British  antitank  mines  and  one  British  antipersonnel  mine  under  ulast  loading 
from  a  nuclear  weapon. 

1.2  BACKGROUND 

Minefield  clearance  projects  were  conducted  in  three  previous  operations  at  the  NTS. 

1.2.1  Operation  Buster,  Project  3.5,  October  1951  (Reference  1).  Universal  Indicator  Mines 
(UIM)  were  employed  at  0  and  6  inches  of  burial.  It  was  found  that  readings  from  the  UIM  were 
greater  at  6  inches  of  burial  than  at  0  inches  of  burial.  This  was  in  contradiction  to  high- 
explosive  tests,  where  there  was  a  reduction  in  UIM  readings  as  the  depth  of  burial  Increased. 

It  was  also  found  that  scaling  techniques  for  UIM  readings  developed  for  high-explosive  tests 
were  not  adequate  for  atomic  explosions  and  required  modification.  The  radius  of  mine  clear¬ 
ance  was  not  as  large  as  expected,  due  to  an  unexplained  skip  effect.  It  was  also  determined 
that  weapons  detonated  at  heights  (in  feet)  greater  than  three  times  the  cube  root  of  the  yield 

(in  pounds)  were  not  effective  for  minefield  clearance. 

1.2.2  Operation  Snapper,  Project  3.4,  April  1952  (Reference  2).  The  test  was  designed  to 
study  the  unexplained  phenomena  of  skip  effect  and  the  increase  in  mine  actuation  with  burial 
depth  found  during  the  Buster  test.  The  tw  >  effects  were  again  observed.  The  shape  of  the  ini¬ 
tial  portion  of  the  pressure  wave  and  the  slow  rise  to  peak  pressure  were  proposed  as  possible 
answers  to  the  skip  phenomenon.  The  increase  in  mine  actuation  with  depth  of  burial  down  to 
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6  inches  was  thought  to  be  caused  by  the  shape  of  the  incident  pressure  pulse  end  an  extraneous 
surface  effect.  It  was  estimated  that  for  optimum  or  near-optimum  range  of  clearance,  a  weap¬ 
on  should  be  detoceted  at  a  heigh*  (in  feet)  equal  to  the  cube  root  of  the  yield  (in  pounds). 


1,2.3  Operation  Upshot-Knothole,  Project  3.18,  March  1953  (Reference  3).  Live  mines  were 
tested  for  the  first  time  under  a  nuclear  explosion.  The  M-15,  M-S,  M-14,  and  the  U1M  were 
employed.  The  skip  effect  and  increase  in  actuation  with  depth  of  burial  were  again  observed; 
however,  the  increase  in  pressure-plate  deflection  or  mine  actuation  withdeptu  was  considered 
insignificant  down  to  about  6  Indies  of  burial,  and  beyond  that  depth  deflection  (or  actuation)  de¬ 
creased.  The  first  quantitative  explanation  that  might  account  for  part  of  the  above  phenomena 
was  given.  It  was  theoretically  shown  that  if  the  pressure  wave  has  a  gradual  rise  to  its  maxi¬ 
mum  value,  an  increase  in  prossure-plate  deflection  can  occur  with  an  increase  in  burial  depth. 
It  was  shown,  also,  that  for  the  long  pressure  rise  time,  normal  in  nuclear  blasts,  static  con¬ 
siderations  should  govern  prediction  of  the  activation  of  mines.  The  static  response  of  mines 
to  nuclear  blasts  is  generally  less  than  the  mine  response  under  dynamic  high-eaplosive  loading, 
the  probable  reason  for  the  phenomenon  formerly  referred  to  as  the  skip  effect.  The  live-mine¬ 
field  data  showed  that  sympathetic  actuation  increased  the  range  of  mine  clearance  for  M-6 
mines.  Sympathetic  actuation  or  blast-induced  actuation  is  the  actuation  of  a  mine  caused  by 
the  explosion  of  another  mine.  In  a  nuclear  detonation,  the  blast  of  a  mine  explosion  may  rein¬ 
force  the  basic  pressure  pulse  and  cause  a  greater  percentage  of  actuation  of  adjacent  mines. 

1.3  WAVE  THECRY  AND  LABOliATORY  ANALYSIS 

To  determine  the  effects  of  bluet  on  pressure-activated  mines,  consideration  has  been  given 
to  both  the  variations  of  the  shock  pulse  and  the  theory  of  mine  actuation. 

X.3.1  The  Precursor  Wave.  The  precurso-  wive  phenomenon  can  have  an  important  effect 
on  the  clearance  of  mines  by  blast.  One  of  the  essential  differences  between  high-explosive  and 
nuclear  explosions  is  the  tremendous  thermal  radiation  associated  with  nuclear  detonations. 

When  the  thermal  radiation  reaches  the  ground  surface,  a  heated  layer  is  formed  at  the  earth’s 
surface.  This  laye  is  composed  of  air  and  dust  particles  whose  resultant  density  is  consider¬ 
ably  higher  than  the  density  of  air.  This  layer  Is  formed  prior  to  the  arrival  of  the  shock  at  the 
ground-air  interface.  It  is  believed  that  this  results  In  a  higher  particle  velocity  in  this  medium. 
Therefore,  after  reflection,  a  pressure  wave  (known  as  the  precursor)  travels  along  the  ground 
ahead  of  the  main  shock.  The  succession  of  the  two  pulses  results  in  a  total  pressure  pulse  of 
long  duration  with  a  long  rise  time  to  the  peak  pressure.  Since  some  of  the  initial  energy  of  the 
shock  has  been  utilized  In  the  creation  of  the  precursor,  the  peak  pressure  is  less  than  would 
have  been  expected  from  a  free  air  shock  at  comparable  ranges.  The  passage  of  this  long- 
duration  wave  of  slow  riso  time  causes  the  mines  to  react  as  though  undergoing  static  compres¬ 
sion,  rather  than  loading  from  a  step  Impulse.  This  type  of  behavior  is  experienced  until  the 
main  shock  catches  the  precursor  and  the  two  merge  into  a  single  sharp  shoe':  front.  In  this 
latter  region,  the  mines  react  as  though  struck  by  a  suddenly  applied  load. 

1.3.2  Laboratory  Analysis  ard  Mine-Actuation  Theory.  To  evaluate  mine  behavior  under 
blast-pressure  loading,  a  contract  was  Initiated  by  the  Corps  of  Engineers  with  Midwest  Research 
Institute.  The  objectives  of  this  contract  were  to  obtain  extensive  data  on  the  characteristics  of 
pressure-activated  land  mines  under  both  static  and  dynamic  loading  and  to  develop  a  reliable 
theory  to  predict  pressure-type  mine  actuation  under  varying  conditions  of  loading,  depth  of 
burial,  and  type  of  soil  (Reference  4).  One  of  the  simplest  theories  developed  for  mine  actuation 
was  to  simulate  the  mine  with  a  linear  one-degree-of-freedom  mass-spring  system.  In  tills 
analogy,  the  pressure  plate  was  the  mass,  and  the  spring  force  of  the  pressure  plate  was  the 
resisting  force  that  was  proportional  to  the  displacement  of  the  mass.  In  general,  the  loading 
force  on  the  mine  was  suddenly  applied;  however,  the  theory  was  extended  to  give  results  with 
a  gradually  applied  loading  force.  Procedures  were  developed  for  linearization  of  the  actual 
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non-linear  pressure-plate  spring  'orce.  The  mine  body  was  assumed  rigid,  and  no  considera¬ 
tion  was  given  to  soil  elasticity  under  the  mine.  Consideration  oi  the  soil  over  the  mine  could 
EX  So account  by  the  addition  to  the  mass  of  ti.e  pressure-plate  of  a  portion  of  the  mass 
of  Ssoiltver  the  pressure-plate.  The  theory  was  developed  primarily  for  long-duration  (50 
tn  100  msec)  oressure  pulses  of  low  amplitude  (10  to  30  psl).  . 

A  comparison  of  the  above  theory  with  experimental  daU  from  a  dynamic  mine-loading  device 
indicated  that  the  theory  predicted  true  mlne-ac  nation  pressures  within  30  percen  for  » 
o'  the  mine  types  (TMi-43,  UW,  U-15,  TMDB,  TM-4I).  This  theory,  in  conjunction  with  the 
data  on  static  mine  characteristics,  served  as  a  basis  for  determining  the  overpressures  at 
which  the  mines  were  to  be  placed. 

Other,  more-elaborate  theories  were  developed  to  include  the  mass  of  -he  mine  body,  elas 
ity  of  the  soil  under  the  mine,  and  the  behavior  of  the  soil  over  the  pressure  plate.  Detailed 
analysis  of  these  theories  is  to  be  found  in  Reference  4. 


Chapter  Z 

PROCEDURE 


2.1  SHOT  PARTICIPATION 

The  mine-field  clearance  test  was  conducted  during  Shot  Priscilla  in  Frenchman  Fiat  at  the 
NTS.  The  device  had  a  yield  of  36.6  kt  and  was  fired  from  a  700-foot  balloon  {1.67  times  the 
cube  root  of  the  yield  in  pounds). 

2.?  INSTRUMENTATION 

A  Ballistics  Research  Laboratories  (BRL)  self-recording  pressure-time  gage  was  placed  In 
the  center  of  each  live  mine  field.  Similar  gages  were  placed  at  the  beginning  of  the  arc  on  the 
inert  side  of  the  mine  field  (Figure  2.1).  It  was  anticipated  that  a  comparison  of  any  two  records 
at  the  same  ground  distance  would  show  the  extent  to  which  the  pressure  pulse  from  the  detona¬ 
tion  of  live  mines  reinforced  the  basic  nuclear  pressure  pulse.  In  addition,  three  special 
pressure-time  gages,  mounted  in  conventional  M-15  mine  cases,  were  buried  with  9,  12,  and 
36  inches  of  cover  at  1.2S0  feet  from  ground  zero  to  test  the  gage  performance  and  to  supplement 
other  pressure-time  records. 

Waterways  Experiment  Station  (WES),  under  the  auspices  of  Project  3.8,  took  random  soil 
samples  in  Frenchman  Flat  of  undisturbed  soil  and  found  good  homogeneity  down  to  depths  of 
at  least  4  feet.  In  addition,  eleven  samples  of  disturbed  soil  were  taken  at  depths  of  from  3  to 
36  inches.  These  samples  were  obtained  from  shafts  which  had  been  drilled  and  refilled,  there¬ 
by  simulating  the  actual  procedure  =f  mine  burial.  Each  of  the  samples  was  analyzed  to  deter¬ 
mine  the  density,  water  content,  and  modulus  of  deformation. 

2.3  TEST  ITEMS 


The  following  mines  were  used  in  the  test: 


Origin 

Type 

Figure 

USA 

M-15 

2.2 

M-19 

2.3 

UIM 

2.4 

Danish 

M/47-1 

2.5 

M/47-B 

2.6 

M/52 

2.7 

Italian 

CC-48 

2.8 

CS-42/3 

2.9 

SACI 

2.10 

USSR 

TMD-B 

2.11 

TM-41 

2.12 

Belgian 

PRB-ND-49 

2.13 

German 

TMl-43 

2.14 

French 

Model  19!  1 

2.’" 

British 

Mark  VU 

2.16 
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Figure  2.9  Italian,  CS-42/ 
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2.4  PLACEMENT 

Estimated  overpressures  tor  the  various  probabilities  of  actuation  ate  presented  in  Table  2.1. 
lifted  overpressures  as  a  function  of  range  were  taken  from  the  official  test  predictions 
2.17).  Probabilities  of  actuation  were  obtained  from  a  statistical  analysis  of  laboratory 
erence  4).  Pressures  for  the  location  of  mine  fields  to  obtain  10,  SO,  and  90  percent 
-  ■>itty  of  actuation  were  determined  by  combining  this  laboratory  information  with  the  pre¬ 
dicted  rangrs.  Prom  the  pretest  predictions  of  the  wave  forms  and  the  predicted  pressures,  it 
appeared  that  the  precursor  would  play  a  significant  role  in  mine  actuation  to  approximately 
4,000  feet  from  ground  zero.  This  meant  that  since  the  natural  periods  of  thr  mines  were  short 
compared  to  the  predicted  rise  time  of  the  atomic  blast,  static  actuation  pressures  should  be 
used  to  determine  the  ranges  at  which  most  of  the  mines  should  be  placed.  The  one  exception 
to  this  rule  was  the  M-19  mine  which  was  planted  in  fields  determined  by  its  response  to  dynamic 
actuation  pressures.  Because  limited  information  on  actuation  pressures  for  the  M-19  was  avail¬ 
able,  it  was  pLaced  in  fields  in  and  on  both  sides  of  the  estimated  transition  region  (from  a  wave 
of  slow  rise  time  to  a  sharp  shock).  These  considerations,  coupled  with  the  availability  of  the 
mines,  led  to  the  decision  to  place  the  M-19  in  five  fields  covering  a  greater  range  of  pressures. 


Figure  2.13  French,  Model  1931. 

2.3  LAYOUT 

The  project  layout  is  shown  in  Figure  2.18. 


Figure  2.16  British,  Mark  VO. 


2.3.1  Inert  and  Live  Mine  Fields,  Mines  in  both  the  inert  and  live  fields  were  buried  with 

6  ±  V«  Inches  of  soil  cover.  Placement  holes  were  drilled  by  an  earth  auger  with  a  20-inch  diam¬ 
eter  bit.  The  placement  pattern  for  each  type  of  mine  in  the  inert  mine  fields  is  shown  in  Figure 
2.19.  Inert  models  of  the  M-52,  PRB-ND-49  and  M/47-H  mines  were  equipped  with  live  detona¬ 
tors,  since  inert  detonators  were  not  available  for  these  mines. 

The  live  mine-field  pattern  is  shown  in  Figure  2.20.  Care  was  taken  in  the  spacing  of  the 
live  mine  fields  (l.e.,  the  spacing  between  each  field)  so  that  the  effects  of  sympathetic  detona¬ 
tion,  or  actuation,  would  be  confined  within  each  field.  The  British  Mark  vn  mine,  which  nor¬ 
mally  requires  two  pressure  pulses  for  actuation,  was  mechanically  armed  when  placed  in  a  live 
mine  field  so  that  a  single  pressure  pulse  could  detonate  the  mine.  This  arming  was  necessary 
sines  no  recovery  of  live  mines  not  detonated  by  the  nuclear  blast  was  to  be  made  and  therefore 
it  would  not  be  possible  to  determine  if  the  fuze  had  received  sufficient  pressure  to  arm  the  mine 
if  act  tlon  did  not  occur. 

2.3.2  Depth  of  Burial  in  Mine  Fields.  Depth  of  burial  is  defined  as  the  amount  of  cover  over 
the  pressure  puite  of  the  mine.  The  UIM  and  TMi-43  mines  were  used  in  the  dep*h-of -burial 
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Figure  2.17  Predicted  overpreseures  versus  range. 


Investigation.  The  static  pressure  required  to  activate  the  TMi-43  mine  ranged  from  39.2  psi 
for  1 -percent  detonation  to  52.4  psi  for  99-percent  detonation.  Previous  work  indicated  that 
there  was  good  correlation  between  UIM  readings  and  predictions  of  TMi-43  mine  activation. 
Layout  of  a  typical  depth  of  burial  field  is  shown  in  Figure  2.21.  The  UIM  fields  were  placed  at 
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Figure  2.21  Layout,  depth  of  burial.  • 

ranges  where  overpressures  of  5,  8,  10,  15,  21,  30,  40,  50,  and  60  psi  were  predicted;  two 
fields  each  of  TMI-43  mines  were  placed  at  40,  50,  and  60  psi  ranges.  A  complete  description 
of  the  operation  of  the  UIM  is  included  in  previous  test  reports  (References  1,  2,  and  3).  Labora¬ 
tory  analysis  by  Midwest  Research  institute  indicated  that  the  gap  between  the  bottom  of  the  pres¬ 
sure  plate  and  the  top  of  the  fuze  was  a  vital  factor  In  determining  the  force  for  actuation.  This 
information,  coupled  with  the  fact  that  the  indicator  readings  in  the  region  of  0  to  10  mils  were 
of  questionable  reliability,  led  to  a  decision  to  increase  the  accuracy  of  measuring  the  response 
of  the  UIM  in  the  lower  pressure  regions.  Accuracy  was  increased  by  the  setting  of  the  indicator 
pin  to  within  2  mils  from  the  under  side  of  the  pressure  plate.  Under  these  conditions,  the  de¬ 
flection  of  the  pressure  plate  could  be  measured  when  the  deflection  was  less  than  60  mils.  The 
setting  was  not  made  at  ranges  and  depths  where  it  was  believed  that  the  deflection  would  exceed 
60  mils. 

For  the  same  reasons,  the  gaps  were  also  measured  for  all  TMI-43  mines  before  placement. 

2.5.3  Change  from  a  Static  to  a  Dynami-  Pressure  Pulse.  In  order  to  better  determine  the 
region  where  the  main  shock  overtakes  the  precursor  and  the  steep-fronted  shock  begins  — (that 
is,  where  loading  changes  from  static  to  dynamic),  five  UIM’s  were  placed  every  40  feet  from 
3,000  to  5,320  feet  from  ground  zero  all  with  6  Inches  of  earth  cover  (Figure  2.18).  It  was  ex¬ 
pected  that  the  range  of  placement  would  provide  indicator  readings  over  this  transition  region. 
The  ranges  of  3,240  and  3,280  feet  were  omitted  since  there  was  already  a  UIM  field  at  3,250 
feet  from  ground  zero.  On  all  these  mines,  the  gap  was  set  at  2  mils. 

2.6  MINE-FIELD  CLEARANCE  PROCEDURES 

Before  each  live  mine  was  planted,  a  V, -pound  charge  of  TNT,  wrapped  with  detonating  cord, 
was  placed  in  the  bottom  of  the  hole.  The  detonating  cord  was  placed  in  a  6-inch  trench  as  shown 
in  Figure  2.20.  This  provided  a  means  of  detonating  any  Uve  mines  that  h2d  not  been  actuated  by 
the  nuclear  blast.  Aerial  photographs  were  taken  of  the  entire  mine-field  area  just  prior  to  and 
just  after  the  nuclear  explosion.  The  preteBt  photograph  was  to  be  used  for  comparison  with 
postshot  photographs  and  for  postshot  recovery  orientation.  Oil  drums  filled  with  soil  were 
placed  at  the  corners  of  the  fields  for  fiducial  markers. 
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Chapter  3 

RESULTS  and  DISCUSSION 

The  mine  test  results  were  satisfactory.  Useful  actuation  data  were  obtained  for  most  of  the 
live  and  Inert  mines.  The  UIM  and  TMi-43  mines  gave  pertinent  data  concerning  variation  of 
mine  behavior  with  depth  of  burial. 

3.1  INSTRUMENTATION 

3.1.1  Air-Blast  Measurements.  Of  the  56  pressure-time  records  desired,  only  28  complete 
records  were  obtained.  Nineteen  records  presented  only  peak  overpressure;  six  records  were 
only  partially  complete;  no  records  were  obtained  at  three  stations.  Of  the  peak-pressure  rec¬ 
ords,  three  were  from  peak-pressure  gages.  Pre-actlvat|on  and  gage  malfunction,  the  causes 
of  which  are  discussed  in  References  7  and  8,  were  factors  which  contributed  to  the  loss  of 
records. 

For  the  special  pressure-time  gages  mounted  in  M-15  mine  cases  placed  at  a  range  of  1,250 
feet  (actual  overpressure  of  76  psl),  two  of  the  three  records  were  destroyed  when  the  mine 
casing  was  crushed.  The  third  record  (Figure  3.1)  served  as  a  source  of  information  for  the 
pressure  on  a  mine  at  a  burial  depth  of  36  inches.  It  is  believed  that  had  a  filler  been  placed 
in  the  air  pocket  around  the  gage,  crushing  would  not  have  occurred. 

Pressure  results  are  compiled  in  Table  3.1.  The  graph  In  Figure  3.2  shows  the  predicted 
and  experimental  curves  of  peak  overpressure  versus  range.  The  experimental  curve  was  based 
on  the  results  obtained  from  the  gages  on  the  inert  side  of  the  mine  field  and  data  from  other 
projects.  Figure  3.3  shows  pressure-time  records  taken  from  stations  where  complei.  pressure 
time  histories  were  recorded. 

The  amplitude  scale  of  the  pressure-time  record  can  be  estimated  from  the  peak  pressure 
tabulated  in  Table  3.1.  The  time  scale  is  approximately  82.5  msec/ln  for  gages  at  Stations  1A, 
2A,  and  3A,  and  approximately  200  msec/in  at  all  other  stations. 

3.1.2  Soil  Calibration.  Results  from  the  various  soil  tests  are  shown  in  Table  3.2.  Reference 
5  gives  additional  details  or.  soil  meat  urements. 


3.2  INERT  AND  LIVE  MINE  FIELDS 

Results  from  the  live  and  inert  fields,  along  with  actual  overpressures  and  probability  levels 
of  actuation,  are  presented  in  Table  3.3.  The  data  on  each  field  are  contained  in  Appendix  E. 
Figure  3.4  is  a  postshot  aerial  photograph  of  the  mine  field  area.  It  shows  the  general  condition 
of  the  entire  field.  The  craters  pictured  on  the  photograph  indicate  the  number  of  live-mine 
detonations.  This  information  was  useful  in  planning  recovery  procedures. 

3.2.1  Determination  of  Cumulative  Probability  Distributions.  Air  blast  records  show  that 
the  precursor  in  the  1,370  to  3,250-fooi  range  had  a  reasonably  sharp  rise  with  the  time  to  peak 
varying  between  3  and  24  msec.  The  one-degree-of-freedom  theory  with  a  gradually  applied 
load  (Reference  4)  indicates  that  for  these  rise  times,  most  of  the  mines  should  respond  with  a 
pressure  plate  deflection  greater  than  the  deflection  for  a  static  load  of  the  sane  amplitude.  In 
other  words,  the  mine  response  to  the  precursor  is  between  purely  static  and  totally  dynamic. 

As  a  result,  the  peak  pressure  of  the  precursor  necessary  for  actuation  would  be  less  than  the 
static  actuation  pressure.  The  r-’cords  did  indicate  that  the  precursor  was  sometimes  respon- 
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Peak  Overpressure,_psi 


Figure  3.1  Pressure  record,  mine  pressure  gage 


28 


SECRET 


f§S89Sjj; 


l 

wtiif 

• 

S^#?;:'r-:-.  ..  ■  STA  7A 

'  •  -  '’  -  •-  £? 

Figure  3.3  Pressure  records. 
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TABU  J.l  AIR-BLAET  MEASURE ME  MTS 
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sible  for  actuating  some  of  the  mines.  L 1  the  unusual  soil  conditions  found  in  Frenchman  Lake, 
where  the  precursor  is  pronounced,  the  maximum  pressure  may  occur  in  the  precursor  and 
therefore  corrections  should  be  made  to  the  predicted  static  actuation  pressures  to  adjust  tor 
this  dynamic  effect. 

Cumulative  probability  curves  for  each  mine  type  were  computed  for  static  pressure  loading 
by  calculating  an  equivalent  static  pressure  for  the  inert  mine  field  data.  On  each  curve  the 
equivalent  static  points  are  plotted  with  the  actual  test  points. 

The  procedure  for  fitting  a  cumulative  probability  distribution  to  the  test  points  using  normal 
probability  theory  is  as  follows: 

P  =  Pa  +  yo  (3.1) 

Where:  P  =  mine-field  pressure 

Pa  *  pressure  for  50  percent  mine  actuation 
o  ^  standard  deviation  of  pressure 
y  m  probability  factor 

The  value  of  y  Is  a  function  of  the  percentage  of  mines  that  actuated  and  is  obtained  from  normal 
TABLE  3.2  SOIL  CALIBRATION 


Measurement 

Range 

Average 

Density 

66.5  to  74.5  pcf 

69.1  pcf 

Water  Content 

4.9  to  12.0  pet 

8.2  pet 

Modulus  of  Deformation 

at  50  psi  (disturbed  soil) 

685  to  92?  psi 

810  pal 

Modulus  of  Deformation 

at  100  psi  (disturbed  soil) 

1,400  to  2,080  pel 

1.755  pet 

probability  tables.  Values  of  y  for  various  mine  actuation  percentages  are  tabulated  in  Table 
3.4.  The  principle  of  least  squares  was  applied  to  the  data  to  obtain  a  stralght-Une  fit. 

„  .  zy’zp  -  svSPy 


nZPy  -  2PZy  ,,  „ 

*  *  -:vTTzy)t-  {3-3) 

Where:  n  «  number  of  mines  in  the  field. 

Once  the  above  two  parameters  have  been  determined,  the  cumulative  probability  distribution 
can  be  plotted  with  the  help  of  Table  3.4  and  Equation  3.1.  Because  of  the  small  sample  size  and 
the  questionable  reliability  of  certain  pressure  measurements,  the  percentages  of  mine  actuation 
observed  for  the  teat  must  not  be  interpreted  as  the  true  values. 

US  M-  19 .  The  cumulative  probability  distribution  of  the  M-19  mine  is  shown  in  Figure  3.5. 
Only  three  of  the  four  test  points  were  considered  in  determining  the  curve.  The  highest  test 
point  at  93.3  percent  actuation  was  assumed  to  be  in  error  and  therefore  discarded. 

For  the  93.3  percent  actuation  point,  the  true  actuation  percentage  will  lie  beta  .in  72.1  and 
99.2  percent  in  99  cases  out  of  100.  For  the  46.7  percent  actuation  te.it  point,  the  true  percentage 
will  fall  between  24.0  and  70.6  percent.  The  lower  limit  of  the  93.3  percent  point  does  not  over¬ 
lap  the  upper  limit  of  the  46.7  percent  test  point.  For  the  true  value  to  fall  within  the  expectation 
limits  of  both  simultaneously,  there  must  be  an  overlap  of  limits,  and  the  probability  of  this 
simultaneous  occurrence  is  the  product  of  the  two  levels  considered.  For  the  two  points  in  ques¬ 
tion,  a  higher  percentage  level  would  have  to  be  selected  to  obtain  overlap.  Since  the  expecUUuu 
limits  of  the  tw  >  points  at  the  99  percent  probability  level  do  not  overlap,  the  wide  difference  be- 
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TABLE  3.3  UVE  AND  INERT  MINE  TEST  RESULTS 


Mina  Typa 

Range 

Paak 

Ovarpraaaura 

Parc  ant  Actuatad 
Actual 

Lira 

toart 

ft 

p«i* 

F ranch  61 

1(3T0 

60.6 

80 

70.0 
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80 

80.0 
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20.8 

40 

0 
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33.3 

90 

98.7 
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70 

60.0 

3,120 

11.8 

20 

80.0 

Mark  VII 
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28.9 

20 
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20.8 

0 

3.3 

l.ffO 

18.0 

0 

0 

SACI 

1,720 

28.9 

30 

8.7 

I,ft0 

18.0 

10 

8.7 

2,290 

10.4 

0 

3.3 

M/47-1 

1,860 

20.8 

100 

60.0 

1,990 

18.0 

90 

10.7 

2,120 

11.8 

10 

28.7 

TMD-B 

1,990 

18.0 

10 

20.0 

2,120 

11.4 

20 

48.7 

2,290 

10.4 

10 

43.3 

TM-41 

1,990 

18.0 

10 

70.0 

2,120 

11.8 

0 

88.7 

«,»0 

14.4 

0 

Hi 

CC-44 

1,860 

20.0 

44 

48.7 

2,120 

11.8 

10 

10.0 

2,620 

10.9 

0 

14.3 

PKB-ND-49 

2,120 

11-6 

100 

83.3 

2,290 

10.4 

74 

78.7 

2,620 

10.9 

0 

80.0 

M/63 

2,290 

10.4 

90 

90.0 

2,620 

10.9 

90 

90.0 

2,730 

8.7 

10 

83.3 

M/47-n 

2,290 

10.4 

•0 

48.7 

2,620 

10.9 

70 

88.7 

2,730 

9.7 

80 

73.3 

M-15 

2,820 

10.9 

0 

0 

2,730 

8.7 

0 

0 

3,280 

8.7 

0 

0 

M-19 

2,730 
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70 

93.3 
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10.0 

60 
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90 

48.7 

4,630 

t 
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100.1 
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6.4 

100 

18,7 

*  Pmaaura  valuta  Ukan  from  f*«aa  placed  on  laart  at  da  of 
minaflald. 

t  No  record  obuinad. 


TABLE  3.4  ABRIDGED  CUMULATIVE  NORMAL 
PROBABILITY  DISTRIBUTION 


Percent  Mina  Actuation 

P  -  P» 
y.-__-4. 

0.6 

—2.678 

1.0 

-2.326 

2.6 

-1.980 

6.0 

-1.848 

10.0 

-1.282 

16.0 

-1.038 

20.0 

-0.842 

26.0 

-0.874 

30.0 

-0  924 

36.0 

-0.386 

40.0 

-0.263 

44.4 

-0.128 

60.0 

0 

44.6 

0.128 

80,0 

0.266 

86.0 

4.364 

70.0 

0.824 

78.0 

0.874 

80.0 

0.842 

96.9 

1.038 

90.0 

1.282 

98.0 

1.846 

97.6 

1.980 

99.0 

2.328 

99.6 

2.878 

90 
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tween  these  two  points  would  occur  less  than  2  percent  of  the  time  in  a  random  sample.  It  such 
an  extreme  sample  were  encountered,  an  error  would  result  in  its  use.  Discounting  the  possibil¬ 
ity  of  such  an  extreme  sample,  then  one  or  both  of  the  points  must  be  in  error.  In  view  of  the 
relative  position  of  the  other  test  points,  there  is  a  greater  likelihood  of  the  upper  point  being  in 
error  than  the  lower  point.  Therefore  the  high  point  was  discarded  as  either  being  in  error  or 
coming  from  an  extreme  sample. 

US  M-  1 5 .  TesL  results  of  the  M-1S  mine  (Table  3.3)  show  that  none  of  the  mines  actuated 
from  the  atomic  blast.  Reasons  predicted  probability  levels  were  not  attained  for  the  M-1S  mine 
were  twofold:  (1)  overpressures  obtained  in  the  test  were  lower  than  predicted,  and  (2)  the  mean 
gap  on  the  M-15  mines  used  In  this  test  was  about  0.240  inch.  The  gap  used  in  the  static  meas¬ 
urements  on  which  predictions  were  based  was  only  0.106  inch.  This  was  discovered  too  late  to 


Static  Looding- 


X  -  Test  Point 
O  -  Test  point  Corrected 
_ to  Stotic  Pressure 


Pressure,  psig 

Figure  3.5  Cumulative  probability  distribution  for  US  M-19  mine. 

modify  the  test  ranges  for  placement  (Reference  1).  Indications  are  that  with  the  M-15  mine  an 
increase  in  pressure  for  actuation  of  slightly  over  3  percent  would  be  needed  for  every  0.020- 
lnch  increase  in  gap.  For  the  mean  gap  difference  of  0.134  inch  applicable  here,  a  22-percent 
increase  in  actuation  pressure  would  be  expected.  This  shifts  the  probability  of  actuation  from 
90  percent  down  to  about  5  percent.  Therefore,  failure  of  the  mines  to  actuate  at  this  level  ap¬ 
pears  reasonable. 

The  reason  for  the  wide  difference  in  mean  gaps  between  samples  employed  for  the  static  and 
atomic  tests  is  not  known.  The  difference  may  be  due  to  variations  in  manufacture  between  dif¬ 
ferent  mine  batches.  From  the  available  drawings  of  the  M-15  mine,  it  is  not  possible  to  deter¬ 
mine  the  tolerances  allowed  in  its  production. 

The  cumulative  probability  distribution  for  the  M-15  mine  is  shown  in  Figure  3.6.  This  curve, 
based  on  Student's  t-distrlbution  for  a  sample  size  of  10,  was  determined  from  available  static 
measurements  and  test  results  from  the  dynamic  mine  loading  device  (Reference  4).  Results 
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from  the  atomic  tests  were  not  used  although  the  test  points  are  shown.  The  mines  used  in  de¬ 
termining  the  curve  had  a  mean  gap  of  approximately  0.100  inch.  Probability  curves  are  about 
the  same  for  dynamic  and  static  loading  conditions.  Although  the  mine  actuation  pressure  is 
norn  ally  lower  for  dynamic  loading,  compression  of  air  enclosed  in  this  mine  results  in  a  large 
Initial  reactive  force  which  cancels  the  dynamic  effect. 

Danish  M/47-1.  The  cumulative  probability  distribution  for  the  M/47-1  mine  is  shown 
In  Figure  3.7.  The  curve  was  derived  from  the  test  data  by  the  curve-fitting  procedure  already 
described.  The  probability  that  the  curve  should  fall  within  expectation  limits  at  the  99  percent 


Figure  3.6  Cumulative  probability  distribution  for  US  M-1S  mine. 

level  for  all  three  points  is  about  0.97.  The  derived  curve  does  fall  within  these  expectation 
limits,  but  just  barely  so  for  the  point  of  lowest  pressure. 

Danish  M/47-II.  The  cumulative  probability  distribution  for  the  M/47-n  mine  is  shown 
In  Figure  3.8.  The  mine  behavior  was  not  completely  static  as  indicated  by  the  spread  between 
corrected  and  uncorrected  test  points.  The  test  point  at  10.4  pel  cannot  be  reconciled  with  the 
other  two  test  points  by  consideration  of  expectation  limits  for  each  of  the  points.  It  was  assumed 
to  be  In  error  or  the  result  of  an  extreme  sample  and  therefore  not  used  in  the  analysis.  Conse¬ 
quently,  the  curve  was  determined  by  the  other  two  test  points. 

Danish  M-52.  The  cumulative  probability  curve  for  the  M-S2  mine  is  shown  in  Figure 

3.9.  The  three  test  points  are  clustered  too  closely  together  to  expect  an  empirical  fit  to  give 
satisfactory  results.  Thus,  a  reasonable  value  of  c/Pa  based  on  an  approximate  average  value 
for  ail  mines  was  assumed.  From  the  assumed  value  of  a/Pa  and  the  centroid  of  the  test  points, 
the  probability  curve  was  determined  by  an  iteration  process  outlined  in  Reference  4. 

Italian  CC-48.  The  cumulative  p.obabiltty  curve  for  the  CC-48  mine  is  shown  in  Figure 

3.10.  The  curve  was  determined  from  the  three  test  points  by  the  procedure  previously  discussed 
for  the  M-19  mine. 
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Figure  3.7  Cumulative  probability  dlatributlon  tor  Danish  M/47-1  mine. 
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Italian  CS-42/3.  The  cumulative  probability  distribution  for  the  Italian  CS-42/3  mine  is 
shown  in  Figure  3.11.  A  probability  curve  was  initially  determined  from  the  three  test  points  by 
the  method  of  least  squares.  However,  a  negative  pressure  was  obtained  at  the  1-percent  actua¬ 
tion  point.  Since  this  condition  could  not  actually  exist,  it  would  appear  that  the  a  determined 
from  the  three  test  points  was  too  high.  A  more-reasonable  result  was  obtained  by  discarding 
the  lowest  pressure  point  and  determining  the  probability  curve  from  the  other  two  points. 

Italian  SACI.  The  cumulative  probability  distribution  for  the  Italian  SACI mine  is  shown 
in  Figure  3.12.  The  use  of  all  three  test  points  in  determining  a  probability  curve  gave  a  nega¬ 
tive  pressure  at  1-percent  actuation.  To  avoid  this  difficulty,  the  probability  curve  was  deter- 
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Figure  3.11  Cumulative  probability  distribution  for  Italian  CS-42/3  mine. 

mined  from  the  two  values  at  lowest  pressure.  This  gave  a  reasonable  value  for  the  mean  pres¬ 
sure  and  standard  deviation. 

Russian  TMD-B.  The  cumulative  probability  distribution  for  the  Russian  TMD-B  mine 
is  shown  in  Figure  3.13.  For  the  unusual  distribution  of  the  test  points,  the  usual  curve-fitting 
procedures  would  not  give  valid  results.  Hence,  the  curve  shown  was  determined  by  assuming 
a  reasonable  value  of  o/Pa  and  making  the  curve  pass  through  the  centroid  of  the  test  points. 

Russian  TM-41.  The  cumulative  probability  distribution  for  the  Russian  TM-41  mine  is 
shown  in  Figure  3.14.  Once  again,  the  unusual  arrangement  of  test  points  excluded  the  use  of 
normal  curve-fitting  procedures.  The  method  outlined  above  for  the  TMD-B  was  used. 

Belgian  PRB-ND-49.  The  cumulative  probability  distribution  for  the  Belgian  PRB-ND- 
49  mine  is  shown  in  Figure  3.15.  Since  the  test  points  are  clustered  together,  the  method  used 
for  the  Russian  mines  was  used  to  determine  this  curve. 

French  Model  1951.  The  cumulative  protxJHllty  distribution  for  the  French  1951  mine 
1s  shown  in  Figure  3.18.  The  curve  was  determined  from  the  three  test  points  by  the  usual  curve- 
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Figure  3.14  Cumulatlre  probability  distribution  for  Russian  TM-41  mine. 


Figure  3.13  CumulaUre  probability  distribution  lor  Belgian  PRB-HD-49  mine. 
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fitting  procedures.  However,  at  the  20-psi  range,  none  of  the  mines  actuated.  For  a  normal 
probability  curve,  zero  actuation  is  reached  as  y  approaches  zero  which  would  result  in  o  =  0. 
Accordingly,  the  test  point  for  zero  actuation  was  assumed  to  be  the  value  for  1  percent  actuation. 

British  Mark  VII.  The  cumulative  probability  distribution  for  the  British  Mark  VII  mine 
is  shown  in  Figure  3.17.  The  curve  was  determined  from  the  three  test  points  by  the  usual  curve¬ 
fitting  procedures.  However,  for  the  reason  discussed  earlier,  the  zero  actuation  test  point  was 
assumed  to  be  the  1  percent  actuation  point.  Although  the  test  points  were  clustered  together,  a 
reasonable  standard  deviation  was  obtained  by  fitting  a  curve  to  the  three  points.  Generally,  this 
would  not  be  true. 

General.  Parameters  from  which  the  cumulative  probability  curves  were  plotted  are  given 
in  Table  3.5.  Nearly  all  the  parameters  were  determined  directly  or  indirectly  from  the  atomic 

TABLE  3.5  STATISTICAL  PARAMETERS  FOR  PROBABILITY  DISTRIBUTION  OF  MINES 


Mine  Type 

SO  Percent  Actuation 
Preasure,  Pa  u>8i) 
Static  Dynamic 

Factor 

Standard 

Deviation,  a 

<7 

pT 

Baaia  for 

Determination 

US  M-15 

9.66 

1.00 

0.553 

0.057 

Former  Static 
and  Dynamic  Teste 

US  M-19 

8.873 

0.65* 

3.555 

0.401 

Atomic  Teat 

Danish  M/47-1 

19.205 

0.J9 

5.929 

0.309 

Atomic  Teat 

M/4T-II 

14.09 

0.J9 

1.236 

0.090 

Atomic  Teat 

M/52 

8.015 

0.13* 

2.699 

0.337 

Atomic  Teat 

A  *  a  u  mad  — - 
pa 

Italian  CC-48 

20.263 

0.65* 

6.659 

0.329 

Atomic  Test 

CS-42/3 

20.600 

0.60 

6.910 

0.335 

Atomic  Test 

SACI 

36.911 

0.59 

15.294 

0.393 

Atomic  Teat 

USSR  TMD-B 

15.258 

0.73 

5.081 

0.333 

Atomic  Teat 

Assumed  — 

TM-41 

11.093 

0.94 

3.694 

0.333 

Atomic  Teat 

Aaeumed  ~- 
*a 

Belgian  PRB-ND-49 

9.562 

0.65* 

3.184 

0.333 

Atomic  Teat 

Aaaumed  ~ 
pa 

French 

44.743 

0.65  • 

11.963 

0.251 

Atomic  Test 

British  Mark  VII I 

50.430 

0.80* 

15.152 

0.300 

Atomic  Teat 

•  Estimated. 

tDaU  are  given  for  arminv.  m*  actuation  of  mine. 


teat  data.  Ir.  addition,  a  column  using  dynamic  multiplication  factors  is  included  in  Table  3.5. 
These  are  multipliers  used  in  computing  pressures  for  50-percent  actuation  under  dynamic  load¬ 
ing.  The  value  of  Pa  for  static  conditions  for  any  mine  type  is  multiplied  by  the  dynamic  cor¬ 
rection  factor  to  determine  Pa  for  dynamic  conditions.  The  pressure  ratios  were  determined 
from  test  results  using  the  dynamic  mine  loading  device  and  either  the  static  or  nuclear  test 
results.  The  coefficients  of  variation  from  the  nuclear  test  results  were  used  to  correct  the 
dynamic  results  to  a  50-percent  actuation  pressure.  In  all  cases,  the  dynamic  yalues  were  based 
on  a  sample  size  of  10  or  less.  Consequently,  reliability  was  poor. 

This  calculation  will  be  used  when  dynamic  loading  is  probable,  i.  e.,  when  devices  are  deto¬ 
nated  over  surfaces  for  which  the  likelihood  of  precursor  formation  is  small. 

A  comparison  of  the  actual  test  points  and  the  test  points  corrected  to  static  pressure  indicates 
that  the  behavior  of  mines  to  atomic  blast  (this  test  in  particular)  is  generally  static.  A  few  of 
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the  mine-fields  had  a  slight  increase  in  percentage  of  actuation  due  to  the  dynamic  loading  effect 
from  the  precursor  wave. 

in  static  measurements,  the  value  of  a/ Pa  was  tound  to  lie  between  0.0b  to  0.12.  From  atomic 
test  results  a/Pa  was  found  to  have  an  average  value  of  about  0.33  with  generally  only  a  small 
variation  about  this  value.  A  larger  value  of  o/ Pa  was  to  be  expected  in  the  field  test  fur  twu 
reasons:  (1)  conditions  were  not  as  closely  controlled  as  in  the  laboratory,  and  (2)  variations  in 
soil  parameters  and  depth  of  burial  were  present  in  the  field  test  but  not  in  the  static  laboratory 
tests  where  the  mines  were  not  buried.  The  reliability  of  the  probability  predictions  could  be 
improved  if  larger  samples  of  each  mine  type  tested  by  this  project  were  tested  in  the  laboratory 
for  static  and  dynamic  response. 

3.2.2  Sympathetic  Detonation  in  Live  Mine  Fields.  An  analysis  was  made  of  the  live-mine¬ 
field  data  to  determine  the  increase  in  percent  of  actuation  due  to  the  mine  blast  pulse  super¬ 
imposed  upon  the  atomic  blast  pressure  wave. 

It  was  thought  advisable  to  first  determine  the  probability  that  sympathetic  detonation  was 
present.  Since  small  samples  of  mines  were  involved,  It  was  possible  that  an  increase  in  actu¬ 
ation  in  the  live  mine  fields  could  be  due  to  chance  variation  alone.  It  will  be  assumed  that  when 
two  or  more  adjacent  mines  in  a  live  mine  field  detonate,  sympathetic  detonation  is  a  possible 
cause.  In  a  random  geometric  distribution  of  mine  detonations,  sympathetic  detonation  may  have 
been  a  factor  in  Increasing  the  percentage  of  mine  detonations.  In  a  random  geometric  distribu¬ 
tion  of  detonations,  configurations  favorable  to  sympathetic  detonation  will  occur.  If  the  proba¬ 
bility  is  small  that  conditions  favorable  to  sympathetic  detonation  occur  randomly,  then  some 
other  non-random  factor  is  responsible.  It  will  be  assumed  that  this  other  factor  is  sympathetic 
detonation.  The  probabilities  for  all  random  combinations  o'  mine  actuation  are  given  in  Appen¬ 
dix  E.  Since  the  likelihood  for  sympathetic  detonation  varies  for  different  actuation  patterns, 
the  probabilities  are  ranked  in  oraer  of  favorability,  with  the  most  favorable  pattern  listed  first. 

The  cumulative  probability  distributions  and  the  calculated  geometric  mine-actuation  distri¬ 
butions  from  Appendix  E  were  used  to  establish  the  existence  of  sympathetic  detonation.  On  the 
assumption  that  the  cumulative  probability  distributions  were  correct,  the  probability  ot  a  ran¬ 
dom  sample  fa1  ling  a  certain  distance  from  the  curve  was  determined.  A  d -tailed  procedure  for 
computing  these  probabilities  is  given  in  Appendix  E.  The  further  the  test  point  was  above  the 
cumulative  probability  curve  the  more  favorable  were  conditions  for  sympathetic  detonation. 

For  the  majority  of  mine  types,  the  various  probabilities  associated  with  random  events 
favorable  to  sympathetic  detonation  are  given  in  Table  3.S.  No  results  are  given  for  the  M-15 
mine,  since  none  of  the  mines  actuated.  Results  from  the  live  TMD-B  and  TM-41  mines  are 
believed  to  be  in  error,  and  therefore  are  not  included.  The  United  States  replicas  of  the  Rus¬ 
sian  TMD-B  and  TM-41  mines  use  the  same  fuze.  The  detonator  In  the  fuze  has  a  small  anvil 
Just  beneath  the  surface  of  the  detonator.  As  the  fuze  actuates,  a  spring-loaded  hammer  is 
released  to  smash  against  the  detonator.  A  slight  misalignment,  however,  between  the  hammer 
and  anvil  will  result  in  the  detonator  falling  to  fire.  For  this  reason,  it  was  t height  that  the 
test  values  in  the  live  fields  were  low,  since  the  Russian  version  of  the  mine  has  a  more  sensi¬ 
tive  detonator  for  which  alignment  is  not  critical. 

Table  3.6  Indicates  that  since  the  probability  is  high  for  the  occurrence  of  a  random  actuation 
pattern  which  is  at  least  as  favorable  to  sympathetic  detonation  as  the  pattern  encountered  in  the 
test.  Therefore,  little  can  be  learned  about  sympathetic  detonation  from  considering  random 
geometric  actuation  patterns. 

More  can  be  learned  by  consideration  of  random  test  point  variations  about  the  cumulative 
probability  curve.  The  possibility  of  a  random  occurrence  of  points  as  far  away  from  the  curve 
as  encountered  in  some  of  the  live  mine  fields  is  remote.  It  would  appear  from  analysis  of  the 
data  In  Table  3.6  that  sympathetic  detonation  did  occur  in  the  live  fields  of  the  M-1S,  M/47-1, 
M/47-11,  and  Model  1951  mines,  and  did  not  occur  In  the  M-52,  CC-48,  CS-42/3,  SACI,  PRB- 
ND-49,  and  Mark  VII  mine  fields. 

A  quantitative  answer  to  the  sympathetic  detonation  question  is  difficult  to  obtain  from  the 
available  data.  A  correlation  was  made  of  the  percent  increase  In  pressure  with  the  Increase 
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in  actuation  between  the  live  and  inert  mine  fields.  The  results  were  inconsistent. 

It  was  hoped  to  obtain  some  information  about  sympathetic  detonation  from  interpretation  of 
the  llve-mine-field  pressure  records.  This  could  not  be  done  due  to  the  difficulty  of  distin¬ 
guishing  noise  on  the  recortm  from  added  mine-detonat;on  impulses. 

TABLE  3.6  PROBABILITY  OF  RANDOM  SAMPLE  BEING  FAVORABLE  TO 
SYMPATHETIC  DETONATION 


Mines 

Detonating 

Probability  of  Random  Sample* 

Mine  Tvpe 

Range 

Ceometric 

Binomial 

Combined 

Events 

fl 

US  M-19 

2.730 

7 

0.433 

0.141 

0.061 

2,870 

5 

0.952 

0.865 

0.823 

3,250 

9 

1.000 

0.008 

0.006 

5.320 

10 

1.000 

0.000 

0.000 

Danish  M/47-1 

1.850 

10 

1.000 

0.005 

0.005 

1,990 

9 

1.000 

0.000 

0.004 

2,120 

1 

t 

0.651 

— 

M/47-n 

2,290 

8 

0.711 

0.037 

0.0 2f 

2,520 

7 

0.433 

0.568 

0.246 

2,730 

8 

0.711 

0.000 

0.000 

M/S2 

2,290 

9 

1  700 

0.736 

0.736 

2,690 

9 

1.000 

0.562 

0.562 

2,730 

1 

t 

1.000 

— 

Italian  CC-48 

1,850 

A 

0.686 

0.793 

0.544 

2,120 

i 

t 

0.803 

— 

2,520 

0 

— 

— 

— 

CS—42/3 

1,600 

9 

1.000 

0.965 

0.965 

1,350 

7 

0.433 

0.172 

0.074 

2,120 

2 

i 

0.264 

— 

SACI 

1,720 

3 

0.733 

0.504 

0.369 

1,990 

i 

t 

o.oie 

— 

2,290 

0 

— 

— 

Belgian  PRB-ND-49 

2,120 

10 

1.000 

0.389 

0.369 

2,290 

<9 

1.000 

0.821 

0.821 

2,520 

0 

— 

— 

— 

French  Model  1951 

1,370 

8 

0.711 

0  845 

0.601 

1,500 

8 

0.911 

0.007 

0.006 

1,850 

4 

0.476 

0.000 

0.000 

BrIUah  Mirk  VII 

1,720 

2 

t 

0.207 

_ 

1,950 

0 

— 

1,990 

0 

— 

— 

— 

•  Probability  of  a  random  aampla  being  ai  least  aa  favorable  to  aympetheUc 
detonation  aa  the  teat  sample 
t  Sympathetic  detooauon  could  not  have  occurred. 

t  Value  wae  not  computed  since  actuated  mines  sere  separated  so  that  sympathetic 
detooauon  could  not  have  occurred. 

3.2.3  LTM  Reading  at  SO  Percent  Mine  Actuation.  The  UIM  reading  has  been  useful  in  pre¬ 
dicting  performance  of  live  mines  under  high-explosive  blast  conditions.  However,  it  has  not 
proved  to  be  the  panacea  for  predicting  live-mine  actuation  under  r  <1  conditions  (Reference  3). 
Fdr  an  arbitrary  type  of  loading,  the  mine  type  to  be  used  in  conjunction  with  the  UIM  must  have 
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similar  dynamic  characteristics  if  good  reliability  Is  to  be  obtained.  Theoretically,  under  com¬ 
pletely  static  or  dynamic  loading  and  for  zero  burial  depth,  the  Universal  Indicator  reading 
should  be  reliable  in  predicting  mine  behavior  irrespective  ol  the  mine  characteristics,  provided 
the  appropriate  UIM  calibration  constan.  nas  been  determined.  The  'JIM  and  the  other  mine  in¬ 
volved  must  behave  as  il  both  were  statically  ur  dynamically  loaded  lor  the  results  to  be  correct. 
The  qualification  o(  zero  depth  o(  burial  eliminates  the  effect  of  soil  over  the  mine.  At  some 
depth  of  bur‘al,  depending  upon  the  mine  size,  soil  characteristics,  etc.,  a  bridging  effect  of  the 
soil  will  begin  to  take  place.  For  the  mine  types  considered  here,  it  is  believed  that  this  bridg¬ 
ing  effect  will  not  be  excessive  at  depths  down  to  3  Inches. 

The  UIM  reading  for  50  percent  mine  actuation  is  given  in  Table  3.7  for  various  mines  under 
static  loading  conditions.  The  pressure  for  50  percent  mine  actuation  was  determined  from  the 

TABLE  3.7  UNIVERSAL  INDICATOR  MINE  READING  FOR  VARIOUS 


MINES 

UNDER  STATIC 

PRESSURE 

LOADING 

Mine  Type 

Pressure 

UIM  Reading 

UIM  Pressure 
Plate  Deflection 

P8»B 

mils 

mils 

US  M-15 

9.7 

1 

61 

M-19 

8.9 

0 

60 

Danish  M/47-I 

19.2 

20 

80 

M/47-11 

14.1 

1? 

72 

M/52 

8.0 

0 

57 

Italian  CC-48 

20.3 

22 

82 

CS-42/3 

20.6 

22 

82 

SAC1 

38.9 

59 

119 

USSR  TMD-fl 

15.3 

14 

74 

TM-41 

11.1 

5 

65 

Belgian  PRB-ND-49 

9.8 

1 

61 

German  TM1-43 

48.9 

83 

143 

French  Model  1951 

44.7 

78 

138 

British  Mark  VII 

50.4 

98 

158 

appropriate  cumulative  probability  curve  and  the  UIM  reading  for  that  static  pressure  (Reference 
4).  Figure  3.18  shows  how  well  the  test  data  fits  the  curve  developed  from  laboratory  tests  for 
UIM  deflection  versus  pressure.  Agreement  ts  good  at  zero  depth  of  burial. 

For  other  depths  of  burial,  the  data  In  Appendix  F  can  be  employed  to  compute  UIM  reading 
versus  pressure.  However,  even  at  shallow  burial  depths,  factors  come  Into  play  which  result 
In  an  Increase  u  UIM  reading  with  depth.  Possible  causes  for  this  phenomenon  are  presented 
later  but  the  final  outcome  is  to  reduce  the  reliability  of  prediction  from  UIM  readings. 

3.3  DEPTH-OF- BURIAL  STUDY 

3.3.1  Results  and  Discussion.  The  variation  of  UIM  readings  with  depth  of  burial  for  a  given 
range  is  shown  in  Figure  3.19.  From  the  figure,  the  following  observations  can  be  made:  (1)  at 
overpressures  equal  to  or  greater  than  60  psi  and  depths  of  burial  less  than  or  equal  to  18  inches, 
the  maximum  UIM  reading  was  obtained  (at  the  maximum  UIM  reading,  the  Belleville  springs  of 
ths  meter  have  been  completely  flattened  and  no  higher  reliable  reading  can  be  obtained);  (2)  there 
was  a  significant  Increase  in  pressure  plate  deflection  from  0  inches  of  burial  to  depths  of  burial 
between  6  and  9  inches  with  a  maximum  response  occurring  somewhere  between  8  and  9  Inches. 
This  behavior  was  observed  for  overpres:  ures  less  than  about  45  psi.  Contrary  to  observations 
made  for  the  mine  field  clearance  project  oi  Operation  Upshot-Knothole  (Reference  3),  this  ln- 
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tor  static  loading  conditions. 


crease  was  appreciable.  Whether  or  not  this  phenomenon  occurs  ior  overpressures  greater  than 
45  psi  cannot  be  determined,  since  maximum  UIM  readings  occurred  at  the  high  pressures  of 
60  and  76  psi. 

Figures  3.20  through  3.26  are  included  to  demonstrate  the  relationship  between  the  HIM  re¬ 
sponse  with  overpressure  (or  fixed  depths  of  burial.  A  straight  line  was  fitted  to  the  points  for 
each  depth  of  burial.  UIM  readings  above  160  mils  were  usually  neglected  as  being  unreliable. 


Figure  3,20  Variation  of  UIM  reading  versus  overpressure 
for  0-lnch  depth  of  burial. 


All  UIM  readings  were  corrected  to  a  60-mll  gap  by  assuming  a  linear  relation  existed  between 
the  UIM  reading  and  the  gap  and  fitting  a  straight  line  to  the  data  by  the  method  of  least  squares. 

Reason  for  the  extent  of  the  increase  in  UIM  response  with  burial  depth  is  not  obvious.  The 
use  of  one-degree-of-freedom  theory  to  predict  UIM  deflection  under  a  gradually  applied  lo*l 
for  a  depth  of  6  Inches  gives  a  maximum  deflection  20  percent  greater  than  the  deflection  at  0 
Inches  of  burial  for  a  statically  applied  pressure  (Reference  3).  However,  at  the  1,500-foot 
range  and  0-inch  burial  depth,  the  actual  Increase  above  static  deflection  is  about  65  percent. 

In  an  effort  to  resolve  this  dilemma,  an  analog  computer  was  employed  to  apply  linear  two- 
degrees -of-freedom  theory  to  predict  the  t  line  behavior  (Reference  4).  The  soil  over  the  mine 
was  considered  as  a  concentrated  mass  elastically  coupled  to  the  pressure  plate.  The  results 
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were  In  good  agreement  with  the  theoretical  results  from  one-degree-cf -freedom  theory,  but 
did  not  explain  the  unexpectedly  Large  UIM  deflections 

Since  linear  theory  does  not  explain  this  phenomenon,  it  seems  necessary  to  consider  other 
effects.  From  experimental  tests  on  the  TM1-43  mine  using  the  dynamic  mine  loading  device, 
it  was  observed  that  the  second  (reflected)  pressure  wave  oftt  n  actuated  the  mine  even  though 
the  peak  pressure  was  25  percent  lower  than  the  peak  pressure  for  the  first  wave.  The  reason 
for  this  was  attributed  to  weakening  plastic  deformation  (permanent  set)  of  the  pressure  plate 
by  the  first  wave.  Weakening  through  plastic  deformation  was  also  indicated  from  cyclic  loading 
tests  made  during  static  force-deflection  measurements.  For  nuclear  air  blasts  like  Shot  Pris¬ 
cilla  there  would  be  a  repeated  loading  on  the  mine  due  to  the  precursor  wave.  This  may  be  a 
contributing  factor  in  the  large  UIM  readings. 

Another  reason  for  this  phenomenon  may  be  nonlinear  behavior  of  the  soil  itself.  The  modulus 
of  deformation  of  the  soil  at  the  test  site  is  known  to  Increase  non'.inoarly  with  the  magnitude  of 
the  applied  pressure.  From  earlier  test  work  using  the  loading  device  (Reference  4),  it  was 
found  that  the  earth  pressure  was  increased  to  more  than  double  the  peak  blast  pressure  because 
of  reflection  from  a  rigid  body  in  the  soil.  The  two-degrees-of -freedom  linear  theory  predicts 
this.  However,  it  was  observed  that  the  second  pressure  wave,  occurring  about  0.15  second 
after  the  first  reflection,  produced  an  earth  pressure  equal  to  the  earth  pressure  from  the  first 
wave  despite  the  fact  that  the  amplitude  of  the  second  wave  was  only  about  75  percent  of  the  am¬ 
plitude  of  the  first.  It  would  appear  that  this  pressure  increase  could  be  due  only  to  an  increase 
in  soil  deformation  modulus  with  depth  after  passage  of  the  first  wave.  In  order  for  this  phenom¬ 
enon  to  occur  under  atomic  blast  conditions,  the  modulus  would  have  to  change  with  depth  during 
load  application  since  the  modulus  would  initially  be  independent  of  depth  at  shallow  burial  depths. 
The  mechanism  by  which  a  modulus  Increase  with  depth  could  occur  during  loading  may  be  en¬ 
visioned  by  considering  the  sloping  front  of  the  wave  as  made  of  a  series  of  little  step  waves. 

As  each  little  pressure  wave  transmitted  through  the  soil  contacts  the  pressure  plate,  it  Is  re¬ 
flected,  causing  an  increase  in  pressure  above  the  pressure  plate.  This  In  turn  Increases  the 
soil  density  since  the  soil  is  Inelastic,  and  therefore  the  modulus  of  deformation  Increases.  If 
it  is  assumed  that  the  increases  in  modulus  Increase  the  pressure,  an  appreciable  variation  of 
modulus  with  depth  will  be  detectable  by  the  time  the  peak  preesure  is  attained,  and  therefore 
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3.3.2  Prediction  from  UIM  Data  of  Mine  Responses  at  36-inch  Depth.  Since  the  use  of  the 
UIU  for  predicting  live-mine  detonation  under  arbitrary  loading  conditions  should  be  limited  to 
mines  with  characteristics  similar  to  the  UIM,  application  of  UIM  data  to  predict  behavior  of 
other  mine  types  In  general  is  fraught  with  danger.  However,  because  no  data  is  available  on 
mine  behavior  at  burial  depths  below  about  6  Inches,  It  would  seem  worthwhile  to  attempt  to  pre¬ 
dict  mine  behavior  at  deeper  burial  depths  from  the  available  UIM  data. 

Predictions  are  made  of  the  50-percent  actuation  point  for  the  various  mines  of  this  test  when 
buried  36  inches  deep.  It  Is  believed  that  at  this  deep  burial  depth,  all  mines  will  display  about 
the  same  natural  frequency,  so  dynamic  behavior  should  be  about  the  same  for  the  UIM  as  for 
other  mines.  If  the  mine  pressure-plate  area  and  mine  deflection  for  actuation  corresponds 
with  that  of  the  UIM,  then  it  1s  thought  that  the  prediction  should  be  reasonably  accurate.  For 
moat  mines  these  last  two  characteristics  are  not  the  same  as  those  for  the  UIM  and  thus  some 
error  Is  to  be  expected. 

On  the  basis  of  these  assumptions,  predicted  pressures  for  50-percent  actuation  of  the  various 
mines  at  36-lnch  burial  depth  are  given  tn  Table  3.8.  Values  were  determined  from  a  straight- 
line  fit  of  UIM  reading  versus  pressure  at  the  36-inch  depth  of  burial. 

3.3.3  Correlation  of  UIM  and  TM1-43  Mine  Test  Results.  Characteristics  of  the  UIM  and 
TM1-4S  mine  are  similar.  Therefore,  it  is  logical  to  expect  that  the  UIM  data  can  be  employed 
to  adequately  predict  TM1-43  mine  detonation  tor  a  wide  variety  of  conditions. 
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The  following  procedure  was  used  in  "pplying  UIM  data  to  the  prediction  of  TMi-43  mine  be¬ 
havior  at  different  burial  depths: 

1.  A  static  UIM  reading  of  83  mils  was  assumed  for  the  TMI-43  mine. 

2.  Using  this  value,  the  corresponding  pressure  was  determined  from  the  straight-line  fit 

TAILS  It  PRESSURE  FOR  »  PERCENT  MINE 
ACTUATION  AT  JI-INCH  SURIAL 
DEPTH 
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on  the  UIM  reading  versus  pressure  curve  for  the  particular  burial  depth.  This  pressure  cor¬ 
responded  to  the  overpressure  to  actuate  SO  percent  of  the  TMi-43  mines. 

3.  A  value  of  c/Pa  «  0.13  was  assumed  for  the  TMI-43  mine.  This  value  -vss  double  the 
value  obtained  during  static -loading  testa  in  the  laboratory  and  appears  reasonable  for  use  with 
the  test  data. 

TASLI  3  •  COMPARIN'—*  OP  TEST  RESULTS  AND  PREDICTED 
VALUES  SASCDCK  UIM  I  ENT  RESULTS  FOR 
TMI-43  MINE 
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4.  The  percentage  of  TMi-43  mines  that  should  actuate  at  the  test  overpressure  was  deter¬ 
mined  by  normal  probability  theory. 

A  comparison  between  the  predicted  and  actual  mine  actuation  is  given  in  Table  3.9.  The 
UIM  data  satisfactorily  predict  TMI-43  mine  actuation  for  the  various  depths  except  at  the  43.6- 
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Figure  3.27  Variation  ot  HIM  reading  with  range. 


Figure  3.23  Height  ot  burst  versus  range  for  1  kt  and  a  given  overpressure. 
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psl  overpressure  and  zero  burial  depth.  The  reason  f or  this  discrepancy  is  not  definitely  known. 
Perhaps  the  heat  wave  from  the  explosion  weakened  the  mine.  In  several  depths  of  burial  fields 
nearest  ground  zero,  the  heat  was  sufficient  to  burn  the  paint  off  the  pressure  pistes  of  the  mines 
at  the  surface. 

J.4  CHANGE  FROM  STATIC  TO  DYNAMIC  PRESSURE  WAVE 

Results  from  the  special  fields  of  UIM's  placed  between  ranges  of  3,250  to  5,320  feet  are 
shown  in  Figure  3.27.  These  mines  were  used  to  determine  If  an  appreciable  Increase  In  de¬ 
flection  occurred  as  the  pressure  wave  shape  changed  from  a  gradual  to  a  rapid  pressure  rise 
over  the  intlal  portion  of  the  wave.  Figure  3.27  Indicates  that  a  20-percent  increase  in  deflec¬ 
tion  does  occur  at  about  4,000  feet.  A  similar  increase  in  actuation  at  4,530  feet  occurred  for 
the  M-19  mine. 

These  two  occurrences  strongly  indicate  that  there  was  an  Increase  in  dynamic  response  due 
to  a  sharpening  of  the  wave  front.  However,  pressure  data  were  lacking  beyond  3,250  feet  so 
no  quantitative  correlation  of  this  phenomenon  with  theory  could  be  made. 

3.5  HEIGHT  OF  BURST  FOR  MAXIMUM  CLEARANCE 

In  view  of  the  speculation  in  previous  mine  field  clearance  o  pa  rations  about  an  optimum  height 
of  burst  for  maximum  ranges  of  clearance,  It  was  considered  advisable  to  include  an  overpres¬ 
sure  curve  extracted  from  Reference  5  (Figure  3.28).  From  the  graph,  determination  of  the 
range  of  an  overpressure  for  a  given  height  of  burst  is  quite  simple. 

Cube-root  scaling  should  be  applied  to  the  results  for  1  kt  to  extrapolate  for  various  yields 
(Reference  6).  Figure  3.2S  is  only  for  soil  conditions  similar  to  those  at  the  NTS. 
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Chooter  4 

CONCLUSIONS  and  RECOMMENDATIONS 


4.1  CONCLUSIONS 

1.  Current  procedures  are  reasonably  accurate  for  predicting  mine  actuation  under  nuclear 
explosions  through  the  use  of  static  actuation  pressures  along  with  information  on  the  shape  of 
the  pressure  wave. 

2.  Sympathetic  detonation  occurs  for  some  mine  types  for  the  normal  spacing  between  live 
mines  in  standard  mine-field  patterns.  No  quantitative  explanation  can  be  given  for  this  occur¬ 
rence. 

3.  UIM  readings  increase  with  depth  of  burial  to  a  maximum  value  at  8  to  9  Inches  of  cover. 
The  extent  of  the  increase  can  not  be  explained  by  application  of  the  linear  one-degree-of-freedom 
spring-mass  theory,  and  is  attributed  to  nonlinear  behavior  of  either  the  mine  or  soil  cover  or 
both. 

4.  Conclusions  for  four  subprojects  by  Picatinny  Arsenal,  DOFL,  Chemical  Warfare  Labora¬ 
tory,  and  the  United  Kingdom  are  included  in  the  respective  appendices  devoted  to  those  proj¬ 
ects. 

4.2  RECOMMENDATIONS 

1.  Mine  actuation  theory  should  be  extended  to  include  nonlinear  soil  effects  in  order  that 
mine  actuation  may  be  predicted  at  depths  greater  than  8  inches. 

2.  A  field  manual  should  be  p. spared  for  mine  clearanceby  nuclear  blast  for  known  mine 
types  over  a  practical  range  of  environmental  conditions.  This  should  include  a  summary  of 
the  expected  changes  in  wave  shapes  as  the  burst  environment  varies,  with  specific  remarks  on 
the  relative  prominence  of  the  precursor. 

3.  No  extensive  efforts  should  be  undertaken  to  determine  a  quantitative  explanation  of  sym¬ 
pathetic  detonation  because;  (1)  sympathetic  detonation  Is  not  a  major  factor  In  determining  the 
percentage  of  mines  actuated,  and  (2)  the  mine  types  affected  by  sympathetic  detonation  were 
generally  those  most  easily  cleared  by  blast.  This  > s  moat  significant  since  mine  design  Is 
presently  concerned  with  the  development  of  mines  resistant  to  clearance  by  nuclear  blast. 

4.  Further  testing  of  clearance  of  conventional-design,  pressure-actuated  mlnee  by  nuclear 
blast  is  unnecessary  for  the  following  reasons:  (1)  the  techniques  for  prediction  of  actuation  are 
sufficiently  refined  to  make  a  reliable  prediction  alter  an  adequate  sample  of  mines  is  examined 
by  laboratory  analysis:  l.  e.,  pressures  for  50-percent  actuation  can  be  determined  for  various 
types  of  loading  and  actuation  probability  curves  can  be  developed  assuming  o/Pa  *  0.33  for 
the  data  under  field  conditions;  and  (2)  present  methods  for  predicting  ?t  curves  are  quite  accu¬ 
rate.  Nuclear  field  tests  might  be  required  for  mine  designs  not  amenable  to  laboratory  analysis. 

5.  Laboratory  testing  of  larger  samples  of  the  mines  should  be  undertaken  in  order  to  Im¬ 
prove  the  reliability  of  the  actuation  prediction  curves. 

6.  Recommendations  for  the  four  subprojects  are  included  in  the  separate  appendix  devoted 
to  each  subproject. 
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Appendix  A 

PROTECTION  of  PRESSURE -ACTUATED 
MINES  AGAINST  NUCLEAR  BLAST 


The  purpose  of  the  test  w me  to  evaluate  the  effective¬ 
ness  of  two  experimental  designs  In  providing  pressure- 
actuated  mines  with  protection  against  blaat  effects 
of  nuclear  explosions.  The  two  designs  were  code 
mined  High  Hat  and  Partner. 

High  Hat  was  an  auxiliary  mechanical  device  de¬ 
signed  for  use  with  standard  pressure -actuated  anti¬ 
tank  mines  and  required  n c  modification  of  the  mine 
or  fuze.  For  this  test.  High  Hat  was  adapted  to  the 
M-19  mine  and  designed  to  provide  protection  against 
overpressures  up  to  70  pal. 

The  test  was  to  determine  whether  the  design  pro¬ 
vided  reduction  of  functioning  under  blast  pressures, 
ae  compared  to  unprotected  mines,  and  to  find  the 
magnitude  of  pressure  that  would  cause  the  protection 
to  fall. 

Partner  wan  a  two-mine  system  in  which  pressure- 
actuated,  mechanically  initiated  mines  were  modified 
to  provide  electrical  initiation.  Two  mines  with  iden¬ 
tical  fuzes  were  electrically  coupled  in  a  manner  such 
that  actuation  of  either  mine  independently  would  func¬ 
tion  the  mine  in  a  normal  manner,  but  application  ol 
pressure  to  both  mine  plates  simultaneously  would 
prevent  either  from  functioning. 

The  purpose  of  this  test  was  to  determine  the  func¬ 
tioning  characteristics  of  the  system.  Means  were 
provided  by  which  possible  causes  of  failure  could  be 
tested. 

A.l  BACKGROUND 

The  teat  described  was  initiated  to  provide  infor¬ 
mation  for  s  feasibility  study  being  conducted  by 
Plcatinny  Arsenal  (PA)  unde**  Ordnance  Project  TA3- 
5926.  The  purpose  of  the  study  was  to  develop  new 
pressure -actus ted  mines  and  accessories  with  reduced 
vulnerability  to  the  effects  of  nuclear  explosions  and 
to  provide  standard  p.  '  ''•-seriated  mines  with  sim¬ 
ilar  protection. 

Preliminary  testing  of  High  Hat  we*  .-ducted  to 
del  .  jjne  the  effect  of  burial  depth  on  the  abiiiry  of 
the  design  to  function  when  actuated  by  a  tank.  Modal* 
were  placed  In  15-lnch-dlameter  hu«ss  ay,  sandy 
soil.  The  boles  were  eloped  45  degree  a  to  prevent 
bridging.  It  was  found  that  functioning  occurred  con¬ 
sistently  under  full  track  coverage  with  a  burial  depth 
down  to  4  inches.  An  M4  Sherman  tank  of  approxi¬ 
mately  35  toot  was  used  for  the  tests. 


No  tests  were  conducted  on  the  functioning  of  Partner 
under  s  tank,  because  the  design  did  not  change  the 
functioning  characteristics  of  the  M-19  mine  to  which 
it  was  adapted.  However,  complete  laboratory  checks 
were  made  to  insure  that  the  electronic  circuitry  used 
in  the  design  functioned  according  to  specifications. 

The  two  designs  tested  were  proposed  means  of 
providing  standard  pressure -actuated  antitank  mines 
with  protection  again.it  the  blast  effects  of  nuclear 
detonations.  Both  designs  were  adapted  to  the  M-1S 
mine,  although  their  uee  is  not  limited  to  that  mine. 

A.1.1  High  Hat.  High  Hat  consisted  of  two  cylinders. 
As  adapted  to  the  M19  mine,  the  larger  cylinder  had 
an  outside  diameter  of  9.5  inches  and  was  1  inch  high. 

To  this  cylinder  wss  welded  a  circular  cover  with  four 
annular  slots;  the  complete  unit  thus  formed  was  call¬ 
ed  the  base.  A  second  cylinder,  called  the  hat,  was 
7.6  inches  in  diameter  and  1.7  Inches  high.  Four 
notches  were  cut  in  the  hat,  so  that  it  woe  ji  At  Into 
the  slots  in  the  base.  The  bees  and  hat  end  the  manner 
in  which  they  fit  together  are  shown  in  Figures  A.l 
and  A. 2. 

Within  the  small  area  occupied  by  »  mine,  the 
pressures  from  the  blast  wave  are  experienced  al¬ 
most  simultaneously  (within  1  msec)  by  all  points. 

Since  the  force  experienced  by  the  mine  fuze  is  pro¬ 
portional  to  the  area  of  the  pressure  plate,  the  force 
can  be  reduced  by  changing  the  size  of  the  plate  or  by 
partially  covering  it.  The  latter  is  the  function  of  the 
base  of  the  High  Hat.  The  base  ie  placed  over  the 
pressure  piste  resting  on  the  static  portion  of  the 
mine.  Thus,  the  pr* on  the  base  is  trans¬ 
mitted  to  the  mine  body,  not  the  fuze. 

The  cylindrical  hat  fits  into  the  slots  ir.  the  bane 
and  rests  directly  on  the  pressure  piste.  When  in 
this  position,  the  hat  ie  raised  slightly  by  the  pressure 
plate,  which  protrudes  up  under  the  base  of  the  High 
Hat.  This  can  be  seen  in  Figure  A. 3.  When  pressure 
is  applied,  the  hat  is  forced  down,  depressing  the 
pressure  piste  and  functioning  the  fuze.  Because 
only  the  pressure  acting  on  tbs  comparatively  small 
area  of  the  hat  is  transmlttsd  to  ths  fuze,  approxi¬ 
mately  70  pel  is  required  to  cause  functioning.  By 
comparison,  an  unprotected  M-19  mine  cat 
so  to  function  under  about  9  psi. 

A  tank,  however,  does  not  exert  a  uniform  ground 
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pressure.  The  tank  track  is  not  deformable,  a*  is  • 
pressure  wave.  When  a  tank  passes  over  a  High  Hat, 
the  earth  around  and  in  the  center  of  the  hat  tends  to 
push  aside  and  compact.  This  leaves  the  hat  to  bear 
the  major  portion  of  the  force  exerted  by  the  tract 
above  it.  When  the  High  Hat  is  buried  4  inches  or 
less,  this  force  is  sufficient  to  function  the  fuze. 

A. 1.2  Partner.  The  partner  system  utilizes  the 
fact  that  two  mines  buried  the  standard  18  feet  apart 
will  both  be  subjected  to  the  blast  wave  within  a  abort 
time.  For  example,  if  it  is  assumed  that  the  blast 
wave  travels  at  only  1,000  ft/sec  ar  1  that  the  mines 
are  20  feet  apart,  it  will  take  only  0.02  second  for 
the  shock  front  to  move  from  one  mine  to  the  other  if 
they  are  placed  along  a  line  radial  to  the  point  of 
blast  Actually,  in  regions  where  overpressures  of 
sufficient  strength  occur  to  function  the  mine,  the 
shock  front  moves  more  rapidly.  Thus,  if  the  mine 
pair  are  electrically  coupled  so  that  depression  of 
both  p re r sure  plates  within  0.5  second  will  prevent 
function!. g  of  either,  the  pair  is  insured  of  protection 
from  ovei  pressure  effects.  In  the  Partner  system, 
a  resistance-capacitance  bridge  circuit  is  used  to 
accomplish  the  coupling. 

For  this  test.  Partner  was  adapted  to  Um  14-19 
mine.  The  method  of  modification  provi  '?d  a  means 
for  determining  not  only  the  success  or  failure  of  the 
protective  system  but  whether  or  not  the  mines.  If 
unprotected,  would  have  functioned. 

The  physical  modification  of  the  mines  is  shown  in 
Figure  A. 4.  A  plunger  assembly  is  screwed  into  the 
detonator  fitting  of  the  mine  fuze.  When  the  fuze  is 
functioned,  the  firing  pin  strikes  the  plunger,  which 
causes  the  microswiu,u  mmumI/  utouuucu  ou  ilm 
bottom  of  the  mine  to  change  from  its  normally  closed 
position  to  the  normally  open  position.  The  electrical 
circuitry  is  located  in  s  chassis  mounted  on  the  bot¬ 
tom  of  the  mine.  Both  mines  cf  the  pair  contain  iden¬ 
tical  switch  assemblies  and  circuitry  and  are  connec¬ 
ted  electrically  by  a  four-conductor  cable. 

The  microswitch  assembly  contains  five  single -pole, 
double-throw  microewltches,  which  are  ganc.  d  to 
function  simultaneously  when  the  plunger  is  depressed. 
These  switches  correspond  to  Slt  S,,  Sj,  S4,  in  the 
circuit  dlSTrem  of  Figure  A. 5.  Switch  S-5  Is  physi¬ 
cally  located  In  the  other  mine  of  the  Partner  pair, 
and  the  corresponding  switch  of  the  second  mine  is 
wired  to  the  fifth  pole  of  the  microswitch  assembly 
in  the  first  mine. 

When  the  pressure  plate  of  only  one  mine  U  de¬ 
pressed,  the  switches  close.  Capacitors  Cj  and  C,, 
which  have  been  charged  to  equal  voltages  by  the 
battery,  are  connected  to  the  two  resistance  loops 
of  the  circuit.  A  current  !t  then  flows  through  Loop 
I  in  the  direction  shown  in  Figure  A. 5,  charging  the 
firing  capacitor,  C,.  The  currant  it  in  Loop  [1  Is 
zero,  because  Switch  S-5,  located  in  the  other  mine, 
is  open.  When  Cj  charges  to  the  firing  voltage  of 
the  glow  tube  (gas -discharge  diode)  the  tube  (ires 


(essentially  changes  from  an  open  circuit  to  a  short 
circuit)  and  an  electric  detonator  is  set  off  by  the 
discharge  of  Cy 

Resistor  R|  provides  s  time  delay  of  0.5  second 
after  switches  St  and  S,  close  before  C}  charges 
sufficiently  to  fire  the  detonator.  The  delay  insures 
protection  of  the  mine  pair  when  both  plains  ire  not 
depressed  at  exactly  the  same  instant. 

When  both  mines  of  the  pair  are  functioned  within 
0.5  second,  neither  detonator  is  set  off.  Switch  S-5 
in  both  circuits  is  closed.  Capacitor  Ct  and  Ct  have 
equal  values,  as  do  resistors  R,  and  R*.  Therefore, 
the  circuit  ia  a  balanced  bridge  with  current  it  In 
Loop  1  equal  in  magnitude  but  opposite  ia  direction  to 
current  1?  in  Loop  II  (See  Figure  A.5).  The  ~ur rents 
in  the  two  loops  cancel,  and  capacitor  Ct  dots  vx 
charge. 

The  adaptation  of  the  Partner  system  te  M-lt 
mine,  as  used  in  this  test,  prevented  fnamtk  Jag  of 
the  two  mines  of  the  pair  whee  both  eapsr  lanced  the 
influence  of  the  blast  wave  from  a  sue  leer  rtetnestinn. 
however,  both  mines  were  perm  mostly  sterilised, 
and  neither  would  subsequently  fuactiae  seder  s  task. 
The  M-19  mine  fuze  has  two  BelievtUe  wrings,  a 
main  load-bearing  spring  sad  a  smaller  soap-through 
spring,  which  normally  drives  the  firing  pie  into  s 
percussion  detonator.  The  small  spring  does  aot 
return  to  its  original  position  whee  the  mine  piste  is 
released,  after  having  been  depressed.  In  order  to 
adapt  the  mine  to  the  Partner  system,  it  would  be 
necessary  to  redesign  the  fuze,  replacing  the  snap— 
through  spring  with  a  microswitch.  Then  depression 
of  the  plate  would  directly  operate  the  microswitch, 
and  the  fuze  would  return  to  its  original  position 
wu*u  released.  Thus,  after  the  pressure  wave  of  a 
blast  had  passed,  both  mines  would  be  capable  of 
functioning  under  a  tank  (Figure  A.4). 

The  mines  used  in  this  test  did  not  have  the  modi¬ 
fications  just  described.  There  were  two  reasons 
for  this:  (1)  Because  it  was  desired  to  test  only  tbs 
ability  of  the  Partner  system  to  provide  protection 
against  blast  effects.  It  .as  considered  more  exped¬ 
ient  to  design  the  email  plunger  assembly  then  to 
modify  the  fuze.  (2)  By  using  an  uamod  ’ed  fuze, 
it  was  possible  to  tell  by  examination  of  the  snap- 
through  Belleville  spring  whether  or  not  the  *uxe 
had  functioned.  Thus,  if  the  fuzes  in  both  mines  of 
a  Partner  pair  had  functioned,  and  neither  Indicator 
detonator  had  fired,  then  it  would  be  known  that  the 
protection  system  had  worked  properly. 

A. 2  PROCEDURE 

A  total  of  43  mines,  25  High  Hats  and  18  Partners 
(9  pairs),  were  planted  in  Frenchman  Flat  In  the 
Project  6.1  inert  mine  field.  The  experimental  lay¬ 
out  ia  shown  in  Figure  A. 6,  Holes  were  dug  with  s 
pc  *er  auger  mounted  on  s  2% -ton  truck.  The  holes 
were  24  inches  In  diameter  and  had  flat  bottoms  and 
perpendicular  aides. 
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All  result*  *«re  recorded  on  *  go  or  no-go  basis. 
That  is,  it  wss  noted  whether  or  not  each  prototype 
had  functioned.  Remarks  as  to  the  condition  or  phys¬ 
ical  position  of  the  mines  and  modifications  as  found 
juwsr  um  mm  mic  noUd  where  such  notation  could 
give  an  indication  of  the  reasons  for  success  or  fail¬ 
ure. 

A.2.1  High  Hat.  High  Hat  was  tested  at  three 
overpressure  levels. 

Five  models  were  placed  at  21  psi.  This  was  one 
station  higher  than  that  at  which  90-percent  function¬ 
ing  could  be  expected  tor  an  unprotected  M-19  mine. 

If  the  mines  fux.ctloned  st  this  station,  it  was  to  be 
concluded  thst  no  protection  had  been  afforded  by  High 
Hat. 

Five  models  were  placed  at  40  psi.  This  wss  in 
intermediate  point  between  the  no-protectlon-afforded 
station  and  that  station  at  which  failure  of  protection 
was  expected  (70  psi). 

Five  models  were  to  be  placed  at  70  psi,  because 
analysis  had  shown  that  the  presented  area  of  High 
Hat  was  such  that  overpressures  of  70  psi  or  greater 
would  cause  it  to  function  when  used  with  an  M-19 
mine.  It  was  desired  to  determine  the  actual  func¬ 
tioning  overpressure  in  this  test.  Because  it  had  been 
found  thst  the  M-19  mine  functions  over  a  range  of 
pressures,  It  was  necessary  to  place  the  test  models 
of  High  Hat  at  pressures  somewhat  greater  than,  and 
less  than  the  expected  functioning  level.  It  was  desir¬ 
ed  that  five  prototypes  per  station  be  placed  at  85  psi, 

70  pel,  and  55  psi.  Because  the  greatest  overpressures 
available  at  the  Project  6.1  test  site  were  60  pal,  15 
models  of  High  Hat  were  modified  to  give  greater 
presented  area,  so  that  they  wculd  simulate  the  effect* 
of  higher  pressure*  when  placed  at  the  stations  avail¬ 
able.  The  actual  placement  of  these  modifications  is 
indicated  in  Table  A  l. 

The  High  Hats  wore  placed  in  holes  as  shown  In 
Figure  A. 7.  A  cloth  cover  was  placed  over  each  High 
Hat  to  prevent  sand  from  causing  binding.  The  tops 
of  the  hats  were  3  inches  below  ground  level,  and  the 
holes  were  filled  flush  with  the  ground. 

A. 2.2  Partner.  The  Partner  pairs  were  arranged 
In  patterns,  three  pairs  in  each  pattern,  as  ahown  in 
Figure  A. 8.  Pairs  were  arrangea  in  this  manner  to 
determine  the  effects  of  orientation  to  ground  zero  on 
the  simultaneous  operation  of  the  two  mines.  Further¬ 
more,  it  was  known  that  a  strong  electromagnetic  sig¬ 
nal  was  given  off  by  a  nuclear  detonation.  It  was  felt 
that  this  signal  might  be  picked  up  by  the  connecting 
cables  and  affect  the  electronic  circuitry.  By  placing 
the  Partner  pairs  in  the  patterns  described,  the  effect 
of  electromagnetic  pickup  (if  any  could  be  noticed) 
could  be  related  to  orientation. 

Pattern  1  was  placed  at  the  50-psi  station  to  test 
performance  of  the  system  under  high  overpressure. 
Patterns  2  and  3  were  placed  at  the  21 -psi  station  to 
determine  whether  the  partner  system  afforded  any 


improvement  over  planting  the  mines  unprotected. 

The  exact  location  of  these  patterns  is  shown  in  Fig¬ 
ure  A. 6. 

Four  control  circuits,  containing  circuitry  dupli¬ 
cated  to  that  used  in  the  Partner  chassis  (except  for 
the  omission  of  the  microswitch  sod  battery)  were 
planted  in  the  mine  field.  Two  control  circuits  were 
placed  in  Pattern  1  and  one  each  in  Patterns  2  and  3* 
Tnese  controls  were  devised  to  check  whether  or  not 
the  electromagnetic  field  created  by  the  blast  was  suf¬ 
ficient  to  cause  the  sensitive  electric  detonators  used 
In  the  cirucitry  of  Partner  to  function.  The  control 
circuits  were  buried  5  Inches  deep. 

The  mines  were  placed  in  the  holes  as  shown  in 
Figure  A. 9.  Pieces  of  wood  2  by  4  by  13  inches  were 
placed  under  three  edges  of  the  mine  to  prevent  the 
blast  pressure  from  crushing  the  metal  chassis. 

Cables  connecting  the  two  mines  of  each  pair  were 
buried  in  6-inch  trenches.  Tbs  tops  of  the  mine*  were 
5  inches  below  ground  level,  end  the  holes  were  filled 
in  flush  with  the  ground. 

A. 3  RESULTS  AND  DISCUSSION 

Overpressure  levels  were  selected  to  yield  the 
maximum  amount  of  information  from  the  limited 
number  of  test  ttems  available.  Re  wilts  of  the  pres¬ 
sure  gages  located  In  the  Project  6.1  mine  field  show¬ 
ed  that  the  measured  overpressures  differed  consid¬ 
er  wiy  from  the  predicted,  particularly  at  the  high- 
overpressure  stations.  At  the  60-psi  station,  the 
measured  pressure  was  about  25  percent  high;  at  the 
50-pui  station,  the  pressure  was  shout  20  percent 
high.  The  40 -psi  station  wss  only  8  percent  high, 
and  tbs  21 -pal  station  was  24  percent  low.  Partially 
because  oi  uw  pacs^ure  differences,  the  results  were 
not  as  conclusive  as  it  had  been  hoped  they  would  be. 

A. 3.1  High  Hat.  The  results  of  the  High  Hat  teet 
are  shown  in  Table  A. 2.  Predicted  nd  measured 
overpressures  ere  shown  for  compar  son.  As  stated 
in  Section  A.2.1,  15  High  Hats  were  modified  by  an 
Increase  in  the  presented  ares  of  the  h-tta  in  order  to 
simulate  higher  overpressures.  The  y  satire  sim¬ 
ulated  by  any  of  these  models  is  equal  S.  be  actual 
pressure  multiplied  by  the  ratio  of  the  t  lifted  ares 
to  the  unmodified  arse.  Because  tbs  ict'tai  overpres¬ 
sures  at  the  stations  where  three  models  were  placed 
were  higher  than  predicted,  thn  simulated  pressures 
were  also  higher.  The  actual  s.mulatsd  pressures 
are  listed  in  the  table. 

All  mines  with  modified  High  Hats  were  actuated. 

From  pretest  calculations,  it  could  be  expected  that 
these  would  function  because  of  the  hlgher-than-predicted 
simulated  pressures.  However,  l  orn  these  same 
calculations,  it  could  be  expected  t  at  the  unmodified 
models  at  the  measured  overpressu  i  of  43.6  psi 
would  not  function.  Of  the  five  High  ate  located  at 
th*s  station,  three  failed  to  protect  the  mines.  None 
oi  tbs  mines  functioned  st  16  psi.  This  would  indicate 
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that  the  High  Hats,  as  now  designed,  car  'nsure  pro¬ 
tection  to  some  value  of  overpressure  less  than  43.6, 
which  seems  to  be  about  a  50-percent  point.  However, 
even  if  insurance  of  protection  extends  only  to  35  or 
30  pal,  these  pressures  are  considerably  higher  than 
the  unprotected  mine  could  survive.  Furthermore,  by 
reducing  the  presented  area  of  the  High  Hats  through 
redesign,  it  should  be  possible  to  raise  the  level  of 
protection. 

The  results  of  this  test  indicate  that,  although 
High  Hat  did  not  perform  as  well  as  expected,  the 


The  circuitry  in  both  mines  should  have  worked  prop¬ 
erly  when  tested  in  the  laboratory  after  the  shot,  in¬ 
dicating  that  the  mines  would  be  In  condition  to  func¬ 
tion  when  actuated  by  a  tank.  Fulfillment  of  all  three 
requirements  would  indicate  success  of  the  Partner 
system. 

None  of  the  detonators  in  the  control  circuits  plan¬ 
ted  in  any  of  the  Partner  patterns  fired;  there 'ore,  it 
is  known  that  electromagnetic  pickup  did  not  affect 
the  circuitry  In  the  mines. 

All  three  Partner  pairs  (all  of  Pattern  No.  1) 
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design  offered  considerable  improvement  over  the 
unprotected  M-19  mine. 

A. 3. 2  Partner.  The  results  of  the  Partner  test 
are  summarized  in  Table  A. 3.  In  order  for  the  Part- 
....  r*..  j  worked  as  desired,  the  following 
conditions  should  have  occurred:  (1)  The  fuzes  in 
both  mines  of  the  pair  should  have  functioned,  indica¬ 
ting  that  the  mines,  if  unprotected,  would  have  been 
set  off.  (2)  The  electric  detonators  in  both  electronic 
chassis  should  not  have  fired,  indicating  that  the 
mines  were  protected  by  the  Partner  system.  (3) 


placed  at  the  measured  overpressure  of  60.5  psi  ful¬ 
filled  the  above  conditions. 

At  16  pel  in  Pattern  2,  only  pair  Bi-B,  met  the 
three  conditions.  In  pair  Cj— Cj,  neither  mine  fuze 
functioned.  This  indicates  neither  success  no  failure 
of  the  partner  system,  because  it  was  given  no  chance 
to  protect  the  mines.  These  two  mines  survived  the 
blast  pressure  without  protection.  No  information 
was  gained  from  this  pair.  Pair  At-Aj  points  out 
both  a  general  disadvantage  of  the  Partner  design 
and  a  failure  of  one  of  the  mines  of  the  pair.  The 
fuze  in  Mine  A(  functioned;  that  in  Mine  As  did  not. 
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The  preesu-e  to  which  these  mines  were  exposed  was 
thnt  at  which  S  )-psr\*ent  functioning  of  M-19  mine* 
could  be  expect*  J  /*  this  pressure,  and  for  lower 
pressures  (dawn  to  :fc  *  level  at  which  no  functioning 
of  unprotected  mines  would  occur),  there  is  the  dan¬ 
ger  that  one  mine  plate  of  the  pair  will  be  depressed 
and  the  other  will  not.  When  this  occurs.  Partner 
will  offer  no  protection,  and  the  first  mine  will  be 
cleared  by  the  blest.  At  higher  pressures,  where  it 
la  insured  that  both  mine  plates  will  be  depressed, 
the  Partner  system  will  prevent  clearance  by  the 


the  mine.  The  circuitry,  nevertheless,  did  not  work 
properly,  and  this  is  s  failure  of  the  Partner  system- 
One  possible  explanation  of  the  failure  can  be  offerer 
It  was  noticed  that  tbs  detonator  in  tins  mine  fire* 
in  lass  than  the  designed  0.5  second  when  the  circuit*, 
was  tested,  indicating  that  the  gas  diode  in  the  circuit 
(see  Figure  A. 5)  fired  st  less  than  the  designed  volt¬ 
age.  If  this  occurred  during  the  nuclear  test,  the 
energy  transmitted  to  the  detonator  may  not  have  been 
enough  to  fire  it.  However,  this  may  have  made  the 
detonator  more  sensitive,  so  that  it  would  fire  when 
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blast.  However,  there  is  the  range  of  pressures  Just 
described  in  which  this  system  offers  .ittle  protection. 

As  stated  above.  Mine  A,  is  considered  to  have 
been  cleared  by  the  blast.  The  fuze  of  only  this  mine 
of  the  pair  functioned;  therefore,  the  electric  deton¬ 
ator  in  the  Partner  chassis  should  have  fired,  just 
as  It  should  when  a  tank  functions  one  mine  of  a  pair. 
However,  the  detonator  did  not  fire.  The  reason  for 
this  is  not  apparent  from  the  posttest  examination  of 


tested  in  the  laboratory. 

In  Pattern  3,  two  of  the  Partner  pairs  met  the 
three  conditions  for  success  previously  stated.  In 
pair  Cj— Cj,  the  same  conditions  occurred  as  in  the 
faulty  pair  of  Pattern  2.  Only  one  mine  fuze  function¬ 
ed,  yet  the  detonator  in  that  mine  did  n**  fire  This 
pair,  however  is  more  easily  explained:  a  connecting 
plug  in  the  chassis  was  found  disconnected.  This 
would  mean  the  circuit  was  disconnected  from  the 
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battery  and  no  energy  waa  available  to  fi. the  det¬ 
onator.  Although  the  plug  could  have  come  looae 
after  the  test  when  the  mine  was  dug  up,  it  is  believed 
that  it  occurred  before  the  test. 

Although  the  two  failures  of  the  circuitry  encount¬ 
ered  in  the  test  might  be  explainable,  they  neverthe¬ 
less  point  out  the  vulnerability  of  a  complicated  sys¬ 
tem.  Furthermore,  the  problem  of  one  pressure 
plate  depressing  when  the  other  does  not  still  exists 
and  can  be  overcome  only  be  design  change. 

A.-l  CONCLUSIONS  AND  RECOMMENDATIONS 

A.4.1  High  Hat.  High  Hat  is  a  workable  design 
offering  significantly  better  resistance  to  clearance 
than  the  unprotected  mine.  This  performance  can  be 
improved  by  further  reducing  the  area  of  the  hat. 


High  Hat  also  offers  the  advantage  of  requiring  no 
modification  of  the  mine  fuze.  It  is  recommended 
that  work  on  this  design  be  continued. 

A. 4.2  Partner.  The  Partner  system  has  the  dis¬ 
advantages  of  being  complicated,  of  requiring  modi¬ 
fication  of  the  mine  fuze,  and  ■'t  offering  little  pro¬ 
tection  in  the  range  of  pressures  where  10  to  90  per¬ 
cent  of  unprotected  m'nes  could  be  expected  to  func¬ 
tion.  However,  the  system  does  work  well  at  higher 
pressures. 

Although  the  disadvantages  could  be  overcome  by 
redesign,  newer  systems  under  devulopment  offer 
more  promise.  It  la  recommended  that  the  design  be 
reviewed  to  determine  whether  further  work  on  it 
should  be  continued. 
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Appendix  B 

VULNERABILITY  of  CERTAIN  ANTITANK- INFLUENCE-MINE 
FUZES  to  NUCLEAR  DETONATIONS 


The  purpose  nf  this  experiment  was  to  determine  the 
vulnerability  of  three  antitank-iniluence-mlne  fuzes, 
designed  at  Diamond  Ordnance  Fuze  Laboratories 
(DOFL),  to  a  nearby  nuclear  detonation. 

The  three  fuzes  available  for  this  purpose  were 
the  T  1217E2,  the  T  1224E1,  and  the  T  123S.  The 
T  1217E2  is  a  prototype;  the  T  1224E1  has  been  re¬ 
leased  for  production  engineering;  the  T  1235  repre¬ 
sents  an  experimental  design.  All  three  fuzes  are  a 
part  of  a  family  of  Influence  fuzes  for  use  with  the 
T-29  mine. 

fl.l  BACKGROUND 

The  following  were  considered  as  possible  factors 
that  would  affect  the  vulnerability  of  a  fuze  to  a  nuclear 
detonation:  (1)  direct  physical  damage,  which  would 
make  the  fuze  or  mine  Inoperative,  such  as  breakage 
of  the  case,  damage  to  components,  uncovering  or 
tilting  of  the  round;  (2)  functioning  of  the  fuze  during 
the  detonation  by  presence  of  its  normal  functioning 
influences,  such  as  preseurc,  vibration  of  the  ground, 
magnetic  fields,  gamma  radiation;  (3)  abnormal  oper¬ 
ation  of  the  fuze  sensing  devices,  e.  g. ,  closure  of  the 
magnetic  switch  in  the  T  1224E1  by  excessive  shock; 

(41  improper  functioning  of  protective  devices  incor¬ 
porated  in  the  fuze,  e.  g. .  the  blast  protective  switch 
in  the  T  1217E2  or  the  T  1224E1;  (5)  temporary  ster¬ 
ilization  due  to  discharge  of  firing  capacitors  by  ioni¬ 
zation;  and  (6)  temporary  sterilization  of  the  T  1235 
fuze  by  induced  radioactivity  in  either  the  soil  or  the 
Nal  scintillation  crystal  in  the  fuze. 

B.2  PROCEDURE 

An  experimental  program  that  would  determine 
the  exact  behavior  of  the  fuzes  involved  could  not  be 
attempted  during  this  operation,  because  none  of  the 
Items  had  been  made  in  any  appreciable  quantity  and, 
therefore,  were  in  short  supply.  The  limited  program 
was  intended  to  provide  guidance  (or  future  tests  with 
larger  quantities,  to  Initiate  work  on  protective  de¬ 
vices  or  on  modification  (should  such  prove  to  be  nec¬ 
essary),  and  to  correlate  fuze  behavior  with  data 
gathered  by  Diamond  Ordnance  Fuze  Laboratories. 

The  30  fuzes  available  for  this  test  were  equipped 
with  detonator  simulators  to  Indicate  fuze  operation 


without  causing  damage  to  the  fuze.  This  made  pos¬ 
sible  reuse  of  the  fuze  and  poaiahot  examination  of 
its  sensitivity.  All  but  the  T  1235  were  mounted  on 
inert-loaded  T-29  mine  casea  from  which  all  firing- 
train  components  had  been  removed.  A  battery- 
operated  clock,  to  indicate  the  time  at  which  each 
fuze  functioned  (if  functioning  occurred),  was  attached 
to  the  bottom  of  each  unit. 

B.3  DESCRIPTION  OF  FUZES 

B.3.1  T  1217E2  Fuze.  This  fuze  used  tank-track 
pressure  as  its  influence  but  differed  from  a  conven¬ 
tional  pressure  fuze  in  that  simultaneous  pressure  of 
both  tank  treads  was  required  to  Insure  mine  function¬ 
ing  und — zath  the  belly  of  a  tank.  The  sensing  ele¬ 
ment  v  a  pair  of  8-foot  rubber  tubes,  %  inch  In  out¬ 
side  diameter,  one  extending  to  either  side  of  the  fuze. 
The  tubes  were  buried  with  from  1  to  4  Inches  of  soil 
cover.  The  squeezing  of  a  short  length  of  each  hose, 
as  occurs  on  the  overhead  passage  of  a  tank  from 
both  of  its  tracks,  closed  an  electrical  switch  in  the 
fuze.  Both  switches  .oust  close  at  nearly  the  same 
time  to  complete  the  firing  circuit  from  a  charged 
capacitor  to  an  electrical  detonator.  In  this  way, 
firing  of  the  mine  underneath  the  tank  and  somewhere 
between  both  tracks  is  assured. 

The  fuze  Is  kept  inoperative  initially  for  about  */, 
hour  by  an  arming  delay  clock  to  provide  a  aafe  per¬ 
iod  for  burial  of  the  mine,  camouflaging,  and  depart¬ 
ure  of  personnel  from  the  area. 

To  prevent  the  fuze  from  firing  on  shock  from  the 
explosion  of  nearby  mines  or  mine-clearance  devices, 
a  blast  switch  is  built  into  the  electrical  circuit.  When 
subjected  to  a  downward  acceleration  of  1  to  2  g,  the 
switch  closes  and  3terilizes  the  fuze  for  about  10 
seconds.  Figure  B.l  shows  the  T  1217E2  fuze  in 
place  on  the  T-29  mine,  and  Figure  B.2  shows  the 
mine  and  fuze  in  place,  ready  for  covering. 

fl.3.2  T  1224E1  Fuze.  This  waa  a  dual -Influence 
fuze  requiring  both  a  vibration  and  a  magnetic  signal 
of  proper  characteristics  ss  provided  by  a  target 
tank  crossing  the  mine  to  initiate  the  detonator.  These 
signals  could  occur  simultaneously  or  in  close  seq- 
u<  nee,  and  their  characteristics  were  determined  by 
extensive  studies  on  a  large  number  of  tanks.  As  in 
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the  T  1217E2  fuze,  arming  delay  waa  accomplished 
by  a  spring-wound  clock. 

The  magnetic  sensing  element  was  a  moving  mag¬ 
net  system,  and  protection  against  its  closure  by 
severe  shock  excitation  waa  provided  by  the  same 
blast  switch  as  in  the  T  1217E2  fuze. 

The  optimum  standoff  distance  of  the  mine  to  the 
target  tank  determines  the  burial  depth  of  approxi¬ 
mately  2  to  S  inches  below  grade.  Figures  B3  and 
B-4  show  the  mine-fuze  combination.  Figure  B.3 
shows,  on  the  bottom  of  the  mine,  the  aluminum  case 
that  houses  the  electrical  clock  described  in  Section 
B.2.  This  clock,  which  was  used  for  field-instrumen¬ 
tation  purposes,  is  not  a  normal  part  of  the  mine. 

B.3.3  T  1235  Fuze.  This  was  an  experimental 
dual-influence  fuze  that  required  both  a  vibration  sig¬ 
nal  and  a  gamma-ray  signal  originating  from  an  exter¬ 
nally  buried  source  and  backscattered  from  the  tar¬ 
get  tank.  Previous  analyses  and  tests  showed  the  fuze 
system  capable  of  discriminating  between  heavy  mili¬ 
tary  vehicles,  such  as  tanks,  and  lighter  vehicles, 
such  as  Jeeps  and  trucks. 

It  is  difficult  to  countermeasure  this  fuze  by  nor¬ 
mal  methods;  however,  calculation  has  shown  that  a 
nuclear  detonation  could  temporarily  neutralize  the 
system  by  blinding  It  with  fallout  or  induced  radioac¬ 
tivity  In  either  the  soil  or  the  scintillation  crystal 
used  in  the  fuze  detection  system.  The  purpose  of 
this  experiment  was  to  verify  the  supposition  that  the 
Initial  gamma  radiation  from  the  explosion  would 
blind  the  fuze  before  the  arrival  of  the  shock  wave 
(and  therefore  before  arrival  of  the  vibration  Influeuce) 
and  to  determine  whether  the  system  could  be  per¬ 
manently  damaged  by  high  gamma  and  neutron  fluxes. 
For  this  purpose  the  external  gamma  source,  which 
would  normally  be  buried  with  the  fuze,  wae  not  need¬ 
ed  and  waa  omitted. 

Since  the  fuze  le  still  in  the  experimental  design 
state,  no  photographs  of  the  fuze  are  presented  In 
this  report. 

B-3.4  Power  Supplies.  All  the  fuzes  used  elec¬ 
trical  detonators  and  required  internal  power  supplies. 
General  Electric  T8  solid-state  batteries  were  used 
In  each  fuze  In  conjunction  with  Mylar-lnaulatad 
capacitors. 

B.4  INSTRUMENTATION 

B.4.1  Explosive  Switch.  Each  of  ths  fuzes  was 
equipped  with  s  DOFL  T-23  explosive  switch.  The 
electrical  function  and  input  characteristics  of  this 
device  closely  matched  those  at  the  T-76  electrical 
detonator  and  the  T-29  mines. 

The  T-23  switch  contained  two  pairs  of  contacts, 
one  normally  open  and  one  normally  closed.  On 
fuze  functioning  when  the  switch  Is  fired,  the  open 
contacts  close  and  the  closed  contacts  open.  For 


this  test,  the  normally  open  contacts  were  brought 
out  from  the  burled  mine  to  the  surface  of  the  ground 
by  means  of  a  shielded  cable  (Figure  B  4).  An  ohm- 
meter  was  used  at  the  time  of  recovery  to  determine 
whether  functioning  had  occurred  without  disturbing 
ths  fuze.  Stimulation  ot  the  fuze-sensing  elements 
by  simulation  of  the  usual  influence  was  performed 
if  no  functioning  had  occurred  during  the  ehot.  The 
fuze's  response  to  tha  proper  influence  wes  then 
obaerved  on  the  ohmmeter.  The  normally  closed 
pair  of  contacts  were  connected  so  as  to  atop  the 
electrical  timing  clock  (described  below)  at  the  time 
the  switch  fired 

B.4. 2  Timing  Clock.  This  auxiliary  timing  device 
waa  used  tor  the  test  to  enable  personnel  to  determine 
ths  urns  ot  fuze  functioning  relative  to  the  time  the 
fuze  had  been  armed.  It  was  attached  beneath  the 
fuze  as  shown  In  Figure  B.3-  Tbs  opened  clock  Is 
shown  In  Figure  B.  5.  Power  supplied  by  s  mercury 
battery  gave  the  clock  a  running  time  from  7  to  14 
daya.  Accuracy  of  the  reading!  waa  approximately 
IS  minutes. 

B.4.3  Charged  Capacitors.  Included  In  the  1217E2 
fuzes  were  several  charged  capacitors  of  the  asms 
type  used  In  the  fuze*.  It  waa  intended  to  observe 
their  voltage  decey  after  recovery  and  compare  this 
with  their  ordinary  decay  rate.  The  desired  infor¬ 
mation  waa  tha  ability  of  a  nuclear  detonation  to  In¬ 
crease  the  decay  rats  and,  thus,  temporarily  sterilize 
the  fuze.  It  should  be  noted  that.  If  this  were  to  occur, 
the  recharging  rate  with  the  veiy-high-lropedance 
solid-state  batteries  would  be  low. 

B.4.4  Location  of  Fuzes.  Three  areas,  each 
about  30  by  33  feet,  were  utilized  near  the  eastern 
edge  ot  the  mine  field  at  mean  radial  distance  ot  1,250, 
2,730,  and  5,320  feet,  respectively,  from  ground  zero. 
These  distances  were  chosen  to  correspond  to  esti¬ 
mated  overpressures  of  60,  10,  and  5  psi.  Figure 
B.6  shows  the  location  ot  these  three  areas,  and  Fig¬ 
ures  B.7,  B.S,  and  B-9  show  the  distribution  of  lures 
within  each  ot  these  areas.  Of  the  six  T  1217E2  fuzes, 
taro  were  pieced  In  each  area;  six  of  the  twelve 
T  1224E1  fuzes  were  pieced  in  the  1,250-foot  area, 
and  three  each  tn  the  other  two  a>eas;  the  twelve  T  1235 
fuzes  were  evenly  distributed,  four  tn  ea«-h  area.  The 
T-20  mine  case,  but  not  necessarily  the  explosive  con¬ 
tents,  la  essential  for  o roper  operation  of  the  T  1224E1 
fuze,  since  the  steel  from  which  the  case  is  fabricated 
Is  taken  into  consideration  in  adjusting  the  magnetic 
sensitivity  of  the  fuze.  The  T  1217E2  and  the  T  1235 
did  not  require  mine  esses  for  their  proper  perform¬ 
ance;  however,  since  18  such  cases  were  available 
for  the  test,  they  were  used  with  the  T  1224E1  and 
T1217E2  fuzes. 

Mine  positions  were  located  and  boles  to  the  de¬ 
sire!  depths  were  provided  by  personnel  of  ERDL. 
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These  s*ak»:*,  which  were  %  inch  in  ui.r*  'ter.  were 
ail  in  piaiv  t>ul  hent  about  Jt)  »kgrt*e*  from  the  verti¬ 
cal.  In  »he  muklle  area,  oImiu*  Jt»  U***t  ol  barbed  *ire 
(a  part  of  the  original  mine  ticio  teme)  <*u»  found 
covering  on**  ot  the  lu/ea. 

B.S.l  T1.M7KJ  Fuzes.  Non*  of  the  »ix  unita  luul 
functioned.  When  t ne  hone*  were  iwjueeted  at  the 
time  ot  recovery  to  simulate  a  normal  signal,  all  of 
these  (urea  operated.  Simulati>  n  of  the  signal  in  this 
cmc  was  tiooe  manually,  since  no  tanka  were  available 
An  examination  of  the  soil  covering  the  ho  mi  a  imiii.«t- 
ed  the  results  woo! J  have  been  unaltered  if  a  tracked 
vehicle  had  been  used 

B  5  2  T  12-MK1  Ku*c».  Two  ol  the  fuzes  in  the 
cloae-in  area  (1,250  leet  Irom  ground  zero)  functioned 
at  the  time  of  the  shot  None  of  the  remaining  ten 
fuses  fired,  including  four  fuzes  at  the  same  distance 
from  ground  zero  as  the  *  co  that  did  function.  All 
uni i rod  (uses  functioned  p.operly  when  stimulated  by 
vibration  and  magnetic  signals  before  disarming  and 
removal. 

Blkat  3  ante  has  were  removed  from  the  two  fusee 
that  functioned  in  Sho*  Priscilla  and  replaced  with 
specie!  protective  switches  wnich  were  sensitive  to 
prompt  gumma  radiation.  These  two  reinstrumented 
fuses  and  two  other  unmodified  fuses  as  controls  were 
exposed  about  MOO  feet  from  ground  zero  >n  Shot  Hood. 
None  of  these  four  fuses  were  functioned  at  lha  time 
of  the  shot.  Except  for  one  control  failure,  all  funct¬ 
ioned  properly  on  postshot  stimulation  prim  to  dis¬ 
arming  and  removal. 

B-5-3  T  I23S  Fuzes.  None  of  the  twelve  fusee 
were  fired  by  the  nuclear  detonation;  however,  one 
unit  in  the  area  closest  to  ground  zero  had  apparently 
fired  at  H  minus  25  hours.  These  results  were  not 
considered  conclusive,  since  six  of  the  twelve  fuses 
hnd  fired  on  vibration  signals  alone  at  the  time  of 
emplace  me  fit.  Later  examination  revealed  the  reason 
for  this  as  being  ?n  increase  in  the  fuae  battery  volt¬ 
age  attributable  to  the  low  relative  humidity  of  the 
Nevada  climate-  This  fault  has  been  corrected  by  a 


modification  in  the  power  supply  and  vibration  alert¬ 
ing  circuit. 

Because  of  the  neutron -induced  gamma  activity  in 
the  scintillation  crystal  detectors  and  in  fuse  compo¬ 
nents,  it  was  not  possible  tc  fire  any  of  tbs  fuzes  at 
recovery  time  by  means  ol  s  moisted  vibration  and 
gamma-ray  signals.  T*~..  wc.iirmed  pretest  calcula¬ 
tions  on  the  magnitude  of  the  induced  activity. 

Although  them:  fuzes  were  experimental  models, 
constructed  without  regard  to  ruggedness,  permanent 
damage  was  almost  negligible.  After  a  cooling-off 
period  of  a  few  weeks,  normal  fuse  operation  was 
restored. 

The  present  design  of  the  fuze  is  such  that  fuzes 
are  ex  Dec  ted  to  recover  from  the  blinding  effect  of 
neutron -induced  gamma  activity  in  24  to  4 3  hours 
after  the  fuses  have  been  exposed  to  10lJ  neutrons/ 


B-&-4  Charged  Capacitors.  Laboratory  examin¬ 
ation  revelled  no  difference  between  the  ordinary  and 
pnauhot  decay  rates  of  charged  capacitors. 

fl.T.-S  Gas  Diodes.  Miniature  gas  diodes  (XD1C. 
XD4C),  exposed  in  several  shots,  showed  promise 
as  nuclear  desensitizing  swatches  for  fuze  use.  For 
a  20  kt  air-burst  device,  diodes  biased  at  95  percent 
of  their  normal  breakdown  voltage  can  be  triggered 
reliably  at  ranges  as  great  as  1  mile  by  instantaneous 
gamma  radiation. 

B.«  CONCLUSIONS  AND  RECOMMENDATIONS 

No  firm  conclusions  can  be  drawn  from  the  meager 
data  at  this  point.  It  appears  that  outlook  for  proof- 
ing  of  the  T  1217E2  and  T  1224E1  fuzes  against  clear¬ 
ing  attempts  by  nuclear  detonation  is  good.  Several 
devices  under  development  should  reduce  clearance 
percentages  tc  low  figures.  The  moat  important 
need  is  to  establish  a  larger  background  of  data  from 
a  better  statistical  sample.  For  this  purpose  the 
preliminary  data  gathered  in  this  operation  will  Lr 
moat  helpful. 
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Appendix  C 

GROUND  CONTAMINATION  PATTERNS  PRODUCED 
by  E-5  CHEMICAL  LAND  MINES 


The  objective  of  this  teat  was  to  determine  qualitative¬ 
ly  ths  ground  contamination  pattern  produced  by  E-5 
chemical  land  mines  detonated  by  a  nuclear  explosion. 

The  £-5  chemical  land  mine  is  a  standard  M-15 
mine  except  that  it  contains  about  10  pounds  of 
chemical -warfare  agent  and  only  about  0.7  pound  of 
explosive  material  instead  of  a  full  explosive  charge. 
Thus,  the  E-5  chemical  land  mine  is  designed  so 
as  to  contain  just  enough  explosive  to  scatter  the  liq¬ 
uid  filling  and  contaminate  an  area  adjacent  to  the 
mine  when  the  mine  is  activated  by  means  of  normal 
M-15  mine -fusing  techniques.  For  this  particular 
tent,  s  chemical  warfare  agent  simulant.  Bis  2-etayl 
hexy**iydrogen  phosphite,  was  used. 

Ft se  E-5  chemical  land  mines  filled  with  the  sim¬ 
ulant  agent  were  positioned  IS  yards  apart  In  a  section 
of  a  Project  I  I  mine  field  where  a  to  9  put  overpres¬ 
sure  wes  expected  Because  this  pressure  is  leas 
than  that  required  to  guarantee  detonation  of  the  M-15. 
the  mines  were  connected  to  a  2-pet  sensitive  deton¬ 
ation  system.  Points  at  erhJ^h  «*mplsi  would  be  tehee 
after  the  test  were  marhed  by  2-foot  metal  stakes 
driven  into  the  ground  so  that  4  to  7  inches  protruded. 
Following  detonation  of  the  mine,  samples  were  taken 
at  these  grid  potats  by  scraping  the  eotl  from  an  area 
•  inches  by  f  Inches  to  a  depth  of  about  l/<  inch  and 
collecting  this  dirt  in  glass  jars.  The  samples  were 
returned  to  the  Army  Chemical  Center  and  analysed 
for  dyed  Bis  content.  The  results  are  reported  as 
milligrams  of  chemical  simulant  per  square  meter 
of  area.  The  sampling  grid  extended  75  yards  down¬ 
wind  and  20  yards  upwind.  The  instance  between 
templing  points  was  S  yards  in  tbs  region  as sr  the 
■uae  and  wee  gr*.  ally  increased  at  greater  dm* 
wind  distances. 

Prior  to  Shot  Prise  ills,  one  chsmicsi  land  mine 
was  da  ten  start  in  order  to  determine  the  contamination 
pattern  produced  without  influence  from  shot  condi¬ 
tions.  In  this  test,  which  was  conducted  in  a  small 
area  adjacent  to  who  re  five  mines  were  tested,  sam¬ 
ples  of  the  eotl  in  the  area  contaminated  were  collec¬ 
ted  from  grid  points  at  intervals  of  5  yards  out  to  dis¬ 
tances  of  25  yards  from  the  mine  This  teat  nerved 
is  appiy  data  for  a  normal  pattern  on  the  terrain  is 
Frenchman  Flat. 

The  area  of  contamination  from  ths  chemical  land 
mines  is  shown  u»  Figure  C.  1.  The  coma  mins  ted 
tree  1mm  «hn  detonation  of  a  single  mine  is  also 


shown.  It  will  be  noted  that  only  two  of  the  five  mines 
were  detonated  by  the  blast  wave  from  the  shot.  While 
collecting  samples  after  the  nuclear  detonation,  it 
wsa  observed  that  the  ground  in  parts  of  the  grid  pat¬ 
terns  had  been  distributed  and/or  covered  by  dirt  dur¬ 
ing  the  period  from  blast  to  sample  collection. 

The  teat  of  the  five  mines  during  Shot  Priscilla 
was  not  as  successful  as  had  been  hoped  because  only 
two  ot  the  live  mines  were  detonated.  The  patterns 
of  the  ground  contamination  from  the  two  (blast- 
detonated)  mines  are  dissimilar  to  the  single  muni¬ 
tion;  this  difference  also  appears  is  other  testa  with 
ths  same  munition  conducted  at  Army  Chemical  Canter. 
One  of  the  blast -detonated  mines  had  33  times  the 
quantity  of  agent  normally  found  on  the  crater  lip  and 
essentially  no  contamination  on  ths  ground  in  ths  vici¬ 
nity  near  ths  crater. 

The  difference  between  ground  contamination  pet- 
terms  of  ths  separata  testa  or  between  the  two  blast- 
detonated  mines  may  be  caused  fay  reasons  other  than 
the  method  of  detonation.  These  may  ha:  (1)  low- 
order  burst  of  the  one  blast-detonated  mine  which 
bed  high  crater-lip  contamination,  or  <Z)  loan  of 
contamination  from  the  blast -detonated  mines  due  to 
the  surface  being  removed,  disturbed  and/or  covered 
by  blowing  dirt  during  the  period  from  burst  to  sample 
collection.  Thus,  it  is  difficult  to  compare  the  con¬ 
tamination  patterns  of  the  blast -detonated  mines  with 
the!  from  normal  detonation  of  a  mins.  However,  ths 
data  iadicatM  a  difference  in  the  distribution  of  ground 
contamination  with  the  two  different  methods  of  det¬ 
onation,  These  inferences  are  not  considered  ae 
conclusive  evidence  beceuee  of  the  limited  Meter  of 
tests,  the  conditions  to  which  the  area  was  expo  sad 
before  the  samples  mere  collected,  and  ths  normal 
possibilities  of  low-order  detonations. 

Sufficient  dMs  were  collected  to  demonstrate  con¬ 
clusively  that.  (1)  residual  tome  coets mi nsuon  will 
result  when  chemical  mine  fields  are  functioned  by 
nuclear  detonations,  and  (2)  that  a  difference  in  con¬ 
tamination  pen* re  can  be  expected  when  the  E-S  chem¬ 
ical  land  mine  is  detonated  by  the  blast  from  a  nuclear 
detonation,  over  that  pattern  produced  by  detonation 
of  the  mine’s  pressure -sensitive  hue. 

it  ia  recommended  that  tests  fas  conducted  to  obtain 
eoaitionai  data  concerning  the  area  which  might  bo 
contaminated  if  *  nuclear  weapon  were  need  an  ae  to 
detonate  chemical  land  mines. 
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Appendix  0 

TEST  of  BRITISH  TYPE  MINES  for  the  UNITED  N/NSDOM 


The  objective  of  this  Lett  wee  to  subject  four  types 
of  British  mines,  the  Merit  VII,  Msrk  S,  Light  Metal¬ 
lic  antitank  mines,  and  the  Elsie  antipersonnel  mins 
(Figures  2.14,  D.l,  0.2,  0.3),  to  the  blast  from  s 
nuclear  detonation.  It  was  particularly  important  to 
supplement  existing  British  data  on  the  reaction  of 
these  mines  to  atomic  air  blast  and  to  check  the  cor¬ 
relation  of  British  and  United  States  records  on  the 
behavior  of  three  mines. 

D.l  BACKGROUND 

The  British  have  tested  the  Mark  VO  antitank  mins 
on  several  occasions.  This  mins  uses  a  Mark  S  fuse, 
which  requires  a  double  impulse  to  actuate  the  mine. 

No  mines  received  both  Impulses  at  any  of  the  trials. 

I*  some  of  the  tests,  the  first  impulse  was  applied  in 
overpressure  ranges  between  32  and  250  pel.  The 
results  at  pressures  lass  then  32  psi  did  not  obey  any 
recognisable  pattern. 

The  British  tests  of  the  Light  Metallic  antitank 
mine  at  depths  of  cover  varying  from  2  to  4  inches 
resulted  in  only  about  3  percent  firing  at  overpressures 
lass  than  or  equal  to  30  pel.  At  higher  pressures  sad 
comparable  depths  of  burial,  all  mines  were  actuated. 
(These  results  do  sot  agree  with  quoted  United  States 
figures  an  this  mine). 

Although  the  design  of  the  spider-type  pressure 
piste  found  an  the  Mark  5  antitank  mine  had  not  been 
lasted  under  nuclear  blast  loading,  it  was  believed  that, 
because  of  tbs  low  resistance  of  tbs  spider  plats,  the 
mine  would  require  a  greater  force  for  actuation  than 
mince  with  a  solid  pressure  plats. 

When  .objected  to  British  lasts,  there  was  no  actu¬ 
ation  of  tbs  Elsie  antipersonnel  mines  si  30  pel  over¬ 
pressure  and  lower;  for  higher  pressures,  50  percent 
or  more  fired.  At  overpressures  froaaar  than  25  psi, 
all  mins  a  were  dislodged  from  their  original  place  me  at 
position. 

United  autos  Army  Engineer  Research  and  Develop¬ 
ment  Laboratories  (ERDL),  Fort  Belvoir,  Virginia, 
performed  static  actuation  tests  on  the  Light  Metallic 
end  Mark  5  antitank  mines  and  the  Elsie  setlpe  tansssl 
■use.  (Testa  were  not  performed  oo  lbs  Mark  VII 
mine,  since  dele  on  static -aciuaiios  pressures  was 
already  aval  labia  from  the  work  of  tbs  sains  study 
reported  in  Reference  4. )  Results  of  the  testa  are 
shewn  ia  Table  D.l. 


D.2  PROCEDURE 

Because  of  the  limited  amount  of  Urns  to  arrange 
for  shot  participation,  and  problems  of  transportation 
cf  live  explosives,  ail  mins  a  wore  inert-filled.  The 
criteria  lor  the  method  sod  ranges  of  placement,  as 
well  aa  depth  of  cover,  wore  the  desires  and  proposals 
of  tbs  British  authorities.  Sines  no  analysis  of  results 
was  required  of  the  United  States  personnel  conducting 
the  test,  t  thorough  investigation  waa  not  mads  of  tbs 
reasons  for  tbs  place  meat  proposals.  British  sugges¬ 
tions  were  adhered  to  as  closely  as  possible,  1  «  , 
attempts  were  made  to  place  mines  at  pressure  ranges 
used  ia  the  main  project. 

Positions  for  tbs  British  fields  are  noted  In  Figure 
2.1?  In  tbs  main  body  of  the  report.  Table  D.2  shows 
the  ranges  from  ground  aero,  the  suggested  placement 
pressures,  the  predicted  pressures  for  actual  place¬ 
ment,  the  number  of  mines  placed  In  each  field,  and 
tbs  depth  of  cover  over  the  mines.  The  holes  for  the 
antitank  mines  were  dug  with  aa  earth  auger,  the  diam¬ 
eter  of  the  bit  wee  adjusted  to  fit  the  needs  of  the  mine. 
The  holes  tor  the  Elsie  mines  were  dug  with  n  pocket 
knife  so  that  the  diameter  was  the  asms  as  that  of 
the  body  of  the  mins. 

From  the  results  of  the  previous  British  testa  on 
the  Elsie  mine.  It  wee  decided  that  those  placed  at 
estimated  overpressures  of  21.  14.  and  g  pat  would 
not  he  dislodged  from  their  holes.  Precautions  were 
taken  to  bold  tbs  Elsie's  In  position  at  the  estimated 
overpressure  of  30  psi  by  a  thin  wire  tied  to  tbs  body 
of  the  mine  and  fastened  to  s  pipe  driven  into  the 
ground  (Figure  D.4). 

The  si  sic' l  were  fabricated  from  tew  different 
type*  of  plastir,  m  black  la  color  and  the  other 
etuis.  An  equal  number  of  each  type  ears  planted 
at  sack  range. 

D.3  RLCOvml 

Test  I  ns  tractions  specified  that  cursory  anamina¬ 
tion  be  made  of  tbs  fuses  to  determine  possible  actu- 
ttiuc.  In  addition,  it  wee  requested  that  observations 
be  made  to  determine  (1)  exposure  or  lifting  of  the 
mines  by  blest,  and  (2)  external  rtemegn  to  the  muse 
body  by  blast  or  by  thermal  radiation.  In  addition, 
lbs  Elsie's  were  also  examined  for  disturbance  from 
p-  si  tine  and  burning  of  the  camouflage  covering  the 
pressure  plate.  After  tint  preliminary  examination. 
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TABUS  D.l  FZ  JLTS  OF  STATE -DEFLECTION  TESTS 


Ulna  Type 

Average  Static 

Actuation  Pressure 
(Average  a f  three  samples) 

Pressure 
Plata  Area 

psi 

In1 

Llglu 

Metallic 

16.1 

28-3 

MarfcS 

83.7 

4.0 

Elate 

11.1 

0.7# 

TABLE  D.2 

MINE  PLACEMENT 

The  space  between  micas 

4k... 

”  J  1  •  W 

type 

Susses* 

P!u~ _ 

Pressure 

Range 

Predicted 

Pressure 

Cover 

Quantity 
Per  Range 

pal 

pal 

laoa 

Mart  vn 

ISO 

930 

150 

2 

7 

100 

1,040 

100 

2 

7 

60 

1,280 

60 

2 

7 

Marks 

ISO 

•20 

ISO 

0 

7 

100 

1.040 

100 

0 

7 

<0 

1,260 

60 

0 

7 

Light 

46 

1,500 

40 

2 

7 

Matalic 

SO 

1,720 

30 

2 

7 

IS 

2,2*0 

IS 

2 

7 

48 

1,720 

30 

0 

4 

30 

1,#*0 

21 

0 

4 

20 

2.290 

IS 

0 

4 

10 

5A20 

s 

0 

4 

5 


TABLE  D.3  OVERPRESSURES 


The  oropmum  at  WO  and  1.040  fwt  are  interpolated  from  Hga»  0.3. 


Range 

Predicted  Overpressure 

Actual  Cvei-i  re-sure 

fee 4 

pal 

psi 

•SO 

ISO 

160  to  200 

1,040 

100 

115  to  140 

1,230 

60 

76 

1,370 

50 

60  A 

lJSOO 

40 

434 

1,720 

20 

20J 

1 ,220 

21 

204 

24»0 

IS 

16 

5-330 

5 

64 
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TABLE  0-4  ANTITANK  RESULTS 


Mark  VII,  MO  faat 
nut  vn.  i,04o  (Mt 
Mark  VH,  1434  teat 

Marks,  MO  Cm 4 
Mark  S,  1,040  CMt 
Murk  S,  1434  fate 

Lifht  Matallla,  14«4  M 
Llyht  MateUie,  1,734  (M 
Llftd  llatalllo.  3  JOO  Caai 

*Foaa  Jammed, 
t  Pin  partially  afcaarad- 
I  Bum  oror  by  yahiol*. 

I  MX  Inhaa  at  acmr. 

C '  —*  aotuated. 

□  »u-4 ..  ‘".♦i. ' 


TAf  .  ,.4  ELSIE  RESULTS 


tup  Plaatio 

faat  color 

1,730  White 


Fun 

Actuated 


Taa 


Black  Unknown 


mta  Taa 

Blank  IMam 

14M  White  Taa 


Baoarka 


KlM  found  about  440  teat  kaafc  fro*  ortylnal  poottloo. 
Camouflafo  aaarly  banted  or  Mow  ait-  Upporfnm a 
portico  of  body  “wrtnklad"  by  thonnnl.  Chars*  o°°- 
taloar  allsktly  bunted  at  (mat.  Front  %  of  body  ooilar 
brofcao  off  at  point  vbara  win  orlclaally  attaohad. 

Only  top  parti oo  at  min*  body  found.  Top  portion  of 
b<r*y  found  444  faat  bank  from  ori«laal  poaitloo.  Chart* 
onatalimr  found  634  teat  back  from  orlylncl  poaitloo. 
Mia*  brokao  la  hall  imdar  body  ooilar.  Camouflacu 
burnad  off. 

Coatnufloft  aaarly  buraad  on.  Front  part  at  body 
“wrtnklad."  Top  aurfao*  «<  body  burnad  and  blaukaoad. 
Chart*  eoataiaar  ali«Wly  buraad  at  froua. 

Mia*  not  found. 

Camouflkfa  buraad  oft.  Uppar  front  portion  and  top  of 
body  allfhaiy  buraad  and  write  ted. 


White 


Uafcsawa  Mian  not  found. 


White  No  Caaaouflat*  aaarly  hnraad  nr  hinam  off.  Uppar  front 

portlcu  *f  body  wrtnklad.  Otfcarwtea.  min*  la  pood 
oondiUba. 


Tm 


Camouflat*  aaarly  buraad  ar  blowa  off  Otbarwiaa, 
mian  la  food  ooudUtea- 

Cateondlapa  aaarly  buraad  or  Noun  -dt.  ottwrwtM. 
mlaa  la  food  ocndUteu 

Canuiuflaf  aaarly  buraad  or  Mam  oft.  Otbarwiaa, 
auaa  la  food  oomkltnn. 


3434 


Tm 


Ciauiidlapa  aaarly  huraod  or  Mow*  oft.  Top  ourfana 
of  chary*  oowtetaar  buraad  ana  malted.  T<y>  aurfaoa 
of  body  allfWly  malted  la  front  and  track - 


link  H* 

White  Tm 


84 


Oiwflui  banvd  or  Move  off. 


CumAiii  bumil  or  Mow  «tf. 
food  ooadWov. 


Clhmrmim  Woo  ia 

Ckbmrmim  mimm  la 

Othinrln  mkm  ta 
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the  mines  were  to  be  returned  to  tbd  United  Kingdom 
(or  detailed  internal  examination  and  statistical  anal¬ 
ysis. 

D-4  RESULTS  AND  DISCUSSION 

Results  o f  the  postshot  investigation  of  the  British 
mines  in  this  project  are  summarized  in  Tables  D.4 
and  D.5.  Actual  and  predicted  peak  overpressures 
are  compared  in  Table  D.3. 

The  combined  results  of  the  layout  for  the  United 
Kingdom  investigation  and  the  layout  for  the  main 
Project  6.1  for  the  Mark  VII  mine  agree  well  with  the 
pretest  British  data  on  the  mine.  The  lower  limit 
(where  Insufficient  compression  for  arming  or  activa¬ 
tion  can  be  expected)  can  be  estimated  from  the  main 
field  data  of  Project  fi.l  to  be  about  20  pal  overpressure. 
It  was  also  observed  that,  for  pressures  of  60  psi  or 
more,  all  mines  will  receive  the  first  Impulse  but  no 
mines  will  be  actuated,  l.e,  none  of  the  mines  receive 
the  double  Impulse. 

Tbs  spider-plate  design  for  the  pressure  plate  of 
the  Mark  S  mine  seems  to  be  an  effective  device  for 
withstanding  large  overpressures  as  waa  expected. 

At  tbs  closest  range  of  920  feet  from  ground  zero, 
four  out  of  seven  of  the  mine  fuzes  functioned,  indica¬ 
ting  that  their  live  prototypes  would  have  detonated. 

At  the  1,040-foot  range,  where  the  overpre eeuro  waa 
at  least  US  psi,  none  of  tbs  fuzes  functioned.  The 
same  waa  true  at  the  1,250-foot  range.  Two  values 
are  therefore  available  from  tbs  test  data  from  which 
the  statistical  analyst  may  be  able  to  plot .«  piohebillty- 
of-actuation  curve  for  given  overpressures. 

Not  as  much  usef»l  data  waa  obtained  for  tbs  Light 
Metallic  Mine  as  had  been  anticipated.  At  overpres¬ 


sures  of  43.6  and  28.9  pal,  five  of  the  seven  miDe 
fuzes  functioned.  These  do  not  coincide  with  existing 
British  data  on  the  actuation  pressures  for  this  mine. 
Caution  must  be  taken  in  comparing  the  data  taken 
from  the  mines  placed  at  the  2,290-foot  range,  owing 
to  experimental  errors:  (1)  five  of  the  mines  were 
buried  with  6  inches  of  cover,  instead  of  the  required 
2  inches;  and  (2)  a  vehicle  waa  driven  over  one  mine 
before  recovery  was  made. 

The  following  observations  were  made  on  the  Elsie 
antipersonnel  mine: 

1.  The  cloth  camouflage  covering  the  pressure 
plate  waa  completely  burned  or  blown  off  in  almost 
all  cases. 

2.  The  body  of  at  least  one  mine  at  each  range 
studied  waa  severely  affected  by  thermal  radiation, 
resulting  in  wrinkling  and  charring.  In  some  cases, 
the  fuzes  for  these  burned  mines  did  not  actuate. 
Suprlaingly,  the  black  plastic  mine*  withstood  thermal 
effects  better  than  the  white  mines  in  every  instance. 

3.  Six  of  the  minee  were  thrown  out  of  their  holes 
by  the  drag  pressure;  two  were  found,  of  which  one 
had  been  actuated  while  the  other  had  been  shattered. 

A  thorough  search  of  the  area  disclosed  ro  evidence 
of  the  remaining  four  antipersonnel  mines  These 
mines  were  completely  inert  (contained  no  explosives) 
and  therefore  tbs  loss  would  in  no  way  prove  danger¬ 
ous  to  anyone  should  tbs  mines  be  uncovered  at  a 
later  time. 

4.  Some  fuses  were  actuated  at  each  range  with¬ 
out  following  any  recognizable  pattern  for  proportion 
actuated.  This  portion  of  the  study  was  hampered 
by  the  fact  that  not  all  the  mines  were  recovered. 

5.  The  blast  severely  cracked  the  mine  casing  at 
tbs  highest  range  of  pressure  studies. 
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Appendix  E 

SYMPATHETIC  DETONATION  ANALYSIS 


E.l  PROBABILITIES  OF  DIFFERENT  RANDOM 
PATTERNS  IN  MINE  DETONATION 

The  geometric  pattern  of  mine  actuation  is  the 
live  minefield  may  give  an  indication  of  whether 
aympathetlc  detonation  waa  prevent.  Intuitively,  if 
each  mine  that  actuated  in  a  live  mine  Bald  were 
adjacent  to  another  actuated  mine,  the  likelihood  of 
aympathetlc  detonation  would  be  lncreaaad. 

Each  geometric  actuation  pattern  that  wan  encount¬ 
ered  in  the  live  mine  field  wan  either  due  to  a  random 
geometric  dletrl button  or  a  nonrandom  distribution. 

It  waa  aaeumed  that  nonrandom  diatributlona  were 
due  to  the  effect  of  aympathetlc  detonation.  One 
mine  detonating  could  reault  in  another  mine  detonat¬ 
ing  only  if  the  dlatancee  between  mice  a  were  email. 

It  waa  aaeumed  that  the  radtua  of  influence  for  one 
mine  to  cauee  detonation  of  another  mine  waa  the 
■naalmum  distance  between  adjacent  mine  a,  or  21 
feet.  Therefore,  the  detonation  of  at  least  two  adja¬ 
cent  mines  wan  thn  criterion  for  the  possibility  of 
sympathetic  damnation. 

Ween  the  probability  of  thn  random  occurrence  of 
ton  actuation  pattern  encountered  in  each  mine  field 
la  known,  owe  may  determine  the  likelihood  of  sym¬ 
pathetic  detonation.  If  the  random  probability  waa 
email  for  the  geometric  actuation  pattern  mmanfarert 
In  the  mine  field,  than  the  probability  waa  high  that 
aympathetlc  detonation  had  contributed  to  the  somber 
of  actuations  (This  would  exclude  actuation  patterns 
whore,  by  definition,  sympathetic  detonation  eras 
impossible. ) 

Thn  probability  of  random  actuation  patterns  was 
deft  mined  for  1  to  10  mine,  detonating  respectively 
(Table  E.l).  It  area  required  to  know  thn  probability 
of  a  random  actuation  pattern  occurring  that  waa  at 
least  aa  favorable  to  sympathetic  detonation  as  the 
patters  r.  1m  teat.  For  this  reason  tbs  probabilities 
are  listed  in  order,  with  tbs  moat  favorable  pattern 
Inc  sympathetic  detonation  listed  amt.  With  a  given 
number  of  mines  actuating,  the  pattern  moat  Ivor  able 
to  aympathetlc  damnation  waa  thn  pattern  with  tan 
greatest  number  of  arrange  meets  wham  two  ad  Jn  rent 
mines  actuated. 

No  simple  method  was  toned  tar  rta  terminal  on  of 
thn  probability  of  thn  random  ncoarrenoe  uf  a  given 
'-•itsrn.  All  ronda  anti  pen  ears  enema  rated  and 
ooaabtnntkma  with  a  specific  patters  were  divided  by 
the  total  combinations  to  give  tie  probability  of  thn 


particular  pattern  occurring.  Etch  specific  pattern 
waa  further  broken  down  to  arrive  at  the  total  number 
of  arrangements  under  which  sympathetic  detonation 
could  happen.  This  was  to  allow  ranking  In  order  of 
favorablllty  to  sympathetic  detonation. 

The  nomenclature  used  for  the  random  probability 
will  be  explained  by  an  example.  The  expression 
Pj(l,  2)  means  the  probability  of  three  mines  actuating 
whan  two  of  the  mines  art  adjacent  (lean  then  21  feat 
between  mines)  and  the  third  mine  la  asperated  from 
the  other  two  by  at  least  one  mine  that  did  not  detonate. 


E.2  PROBABILITIES  OF  RANDOM  VARIATION  OF 
TEST  POINTS  FROM  TRUE  CUMULATIVE 
PROBABILITY  CURVE 

Each  samp  is  (pattern)  can  be  considered  as  com¬ 
posed  of  independent  trials  where  the  true  probability 
of  the  mine  actuating  in  a  single  trial  le  given  by  thn 
cumulative  normal  prooahility  distribution.  From 
the  theory  of  probability,  the  equation  for  independent 
trials  is  given  by  thn  terms  in  thn  binomial  expansion. 


-  L  c?fl*"rpr 

r-0 


Wham 


a  I 

rl(n-r)J 


p  ■  probability  that  a  aiagia  mine 
will  actuate 


<1 


probability  that  a  aiagia  mine 
will  ant  actuate 


r  ■  number  of  mine  actuations 

Cjq"  rpr  •  probability  of  exactly  r  miens 
actuating  in  a  trials. 

Sines  thn  likelihood  v  e/mpal  -Me  damnation 
Increases  as  the  pettmul  r  mines  that  actants 
lac  res  nee,  U  is  easy  to  rook  random  prabahUittsa  in 
order  of  fsvorabUity  to  sympathetic  detonetlon-  The 
higher  the  teat  parr  image,  the  mors  favorable  are 
roodlttaoa  far  eympatbetic  rietneetloo. 

The  probability  that  a  tut  raise  from  the  Uvo 
mine  field  weald  be  as  great  or  greater  das  fa  random 
va  rattan  la  givea  by  tht  earn  of  all  terms  from  r 
through  t  ia  tht  binomial  aipeatfaa-  Tht  nine  of 
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p  to  use  U  determined  from  the  cumulative  probab¬ 
ility  curve  at  the  inert  mine-field  overpreeeure.  It 
la  aesumed  that  for  random  variation  in  the  mines  the 
same  overpressure  would  also  apply  in  the  live  mine¬ 
field. 

As  an  example ,  the  probability  will  be  computed 
that  a  detonation  test  value  of  the  M/47-1  mine  could 


in  the  live  mine  field,  n  *  10,  the  appropriate  binomial 
expansion  ia: 

10 

(q+P)“  -  L  C‘rVt-rpr  -  1 
r  *0 

»  q1*  +  10q*p  ♦  45qV  +  120qV  *  210qfp* 
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1 

i 
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p«<»» 

*  1 
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a  02/120 

IML*) 

a  20/120 

DC.  Tta  Ml mm  Piss  set 
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.  2/120 

•  i 

*  Wlek  this  psttsrs. 

have  been  sa  lup  or  larfor  bocaaao  of  rsadoot  vnr- 

♦  201 q*p* 

►  210qV  ♦  1244*0’  ♦  4SqV 

-boson  eras  the  24.7-percent 
actaatloa  point  at  11. S-pei  static  overpressure.  Ft 
the  eansaletlne  probability  curve,  the  predicted  acta 
atioa  at  this  prossare  is  10  percent  This  value  Is 
aeeninad  So  be  tbs  true  prot  billty,  p,  the:  a  stadia 
ssiaa  will  actuate  at  11.4  pet.  For  tha 


♦  lOcpr1  ♦  p“ 

Where:  p  •  4.1 
q  *  0  9 

For  lbs  probability  o t  earn  or  more  raadoat  mines 
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■ct'if’l"C.  tiM  Urns  at  th*  binomial  ixpaniloo  mu*. 
t«  *Otd  tram  r  «  1  Uinnck  r  •  10.  Tbarotora,  tb* 
probability  la: 

£  C“q»-V  *  1-0“ 
r-l 

»  l-lO.f)-  *  0.051 


Thia  moan*  that  It  tha  probability  ot  a  alngla  mine 
utuulno  at  U.«  pal  la  p  -  0.1,  than  tba  probability 
ot  at  loot*  on*  min*  (on*  or  man)  actoatic*  In  * 
aampla  ala*  ot  10  la  0.051* 

Tba  valuaa  ot  p  war*  computad  to  an  accuracy  ot 
two  daclmal  placaa  wblct  waa  coantdarad  mor*  tbao 
adaquaU  tor  tb*  reliability  ot  th*  data. 
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Appendix  F 

SUMMARY  of  RAW  DATA 


This  sppswltT  protests  row  data  from  tha  miss  flali 
clsarosoe  operation.  Data  Iron  tha  loan  miss  fields 
aro  prose oud  in  Figures  F.l  through  F.I3,  while  the 
live  mine  field  data  can  be  found  in  Figures  F.  14 
through  F.  Zfi.  The  meter  readings  and  gaps  from  tha 


pressure  plats  to  fits  fuse  for  the  U1M  from  fits  depth* 
of -burial  stuthr  an  given  In  Table  F.l;  the  same  U1M 
data  from  fits  study  of  ths  effect  of  load  type  upon  the 
mins  response  Is  found  in  Table  F.3. 
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Row 


Row 


in  inert  mine  fields,  CC-48. 


Figure  F.7  Results  In  Inert  mine  fields.  CS-42/3.  Figure  F.S  Results  In  Inert  mine  fields,  SAC!. 


Figure  F.lfl  Results  in  live  min-s  fields,  M/52. 
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TABU:  r.2  CHANCE  from  a  static  to  a  dynamic  pulse 


RM 

UIM 

RaaUu* 

a*p 

!U*C* 

um 

RmOiK 

Gap 

*«*• 

UXM 

Ra  Aili  04 

Gap 

i—t 

nil# 

ml* 

|M« 

Btti* 

mils 

fMt 

mi  la 

mil* 

a.ooo 

31 

44 

3,040 

IS 

43 

3.040 

14 

84 

U 

40 

4 

80 

13 

U 

13 

44 

14 

44 

14 

44 

4 

44 

3 

73 

33 

80 

10 

44 

31 

S3 

14 

81 

Anrip 

13.1 

44  3 

14-3 

34.4 

14.0 

90.4 

3,130 

33 

IT 

3.100 

IS 

30 

3400 

17 

94 

34 

41 

IT 

40 

11 

a 

•c 

44 

T 

12 

0 

43 

K 

42 

13 

84 

13 

a 

13 

64 

17 

37 

IS 

51 

Awnii 

lit 

44.4 

111 

84.4 

14.4 

444 

3430 

10 

44 

1.304 

14 

84 

3,404 

U 

10 

13 

84 

IS 

IT 

1 

80 

13 

14 

9 

44 

14 

44 

14 

83 

9 

84 

14 

47 

13 

44 

14 

92 

23 

84 

Av«n<» 

13.4 

111 

14.0 

14.0 

144 

844 

3.44B 

13 

81 

3,440 

14 

S4 

3440 

10 

a 

U 

77 

13 

81 

13 

41 

14 

40 

14 

47 

0 

41 

13 

44 

4 

43 

14 

41 

14 

81 

to 

13 

14 

81 

Awni 

144 

11J 

134 

434 

134 

404 

UM 

11 

84 

2,400 

23 

U 

3,040 

11 

44 

33 

44 

10 

84 

31 

42 

10 

44 

4 

4T 

U 

40 

13 

tt 

31 

11 

7 

44 

l* 

40 

14 

13 

14 

K0 

Awn«i 

114 

4T.0 

144 

44.4 

144 

844 

*,400 

14 

41 

2,730 

13 

44 

3,700 

13 

40 

11 

81 

11 

40 

21 

40 

14 

44 

23 

a 

7 

44 

IT 

04 

14 

43 

14 

80 

a 

44 

14 

34 

14 

41 

A**n«i 

134 

41.4 

144 

444 

144 

•74 

3.000 

14 

34 

3.040 

21 

89 

3.000 

14 

44 

4 

44 

11 

74 

13 

a 

30 

83 

14 

84 

27 

47 

33 

44 

13 

40 

14 

84 

14 

84 

14 

84 

14 

AWWp 

IT  4 

43.4 

144 

404 

144 

414 

sm 

13 

W 

3.000 

14 

*1 

4.000 

17 

80 

13 

1# 

14 

4T 

14 

to 

30 

81 

4 

84 

14 

70 

13 

43 

11 

43 

14 

40 

4 

87 

23 

34 

11 

A«*nn 

134 

43.4 

14  4 

47.3 

144 

434 

4.040 

30 

34 

AjXiZ 

30 

91 

4,130 

31 

80 

13 

a 

33 

44 

21 

47 

34 

41 

31 

90 

i» 

40 

• 

• 

23 

82 

30 

84 

30 

33 

23 

40 

37 

44 

AVBTBfB 

3T4f 

44  Jf 

24.3 

844 

24.0 

444 

4.140 

30 

44 

4  000 

14 

40 

4,340 

23 

43 

14 

S3 

1? 

44 

31 

81 

IT 

41 

20 

S3 

13 

71 

14 

84 

34 

94 

10 

43 

34 

SO 

22 

S3 

10 

80 

Anrtfi 

34  3 

44.4 

234 

8k. 0 

10.4 

S3 .4 

108 

SECRET 


tabu;  r  2  CONTINUED 


UM 


um 

»fidm 


Ann 

4.4M 


A< 

4AM 


4AM 


U 

IT 

M 


II 

M 

14 

25 

Ml 

15 
• 

It 

1C 

is 


IT 

II 

81 


M 

IT 


It 

4$ 


A. tri4» 

4A4* 


MAT  »4t 


IS 

it 

T 

It 

IT 


IT 

•0 


n 

21 

It 

24 


12 

• 

12 

12 

14 


14 

If 

IT 

IT 

II 


14 

14 

22 


21 

11 

M 

IS 

IT 


14 

12 


12 

I 


M 

24 

IS 

12 

II 


12 

It 

M 

II 

II 


11 
U 

12 
It 

ItA 

IS 

42 

42 

42 

It 

I1A 

M 

44 

44 


M 

IT 


12 

24 

24A 


JT 

4T 

41 


II 

II 

IT 

IS 

II 


4AM 


21 

II 

IS 


IS 

21 

IS 

II 

IS 


11 

It 

11 

12 

It 


14 

12 

14 

24 

T 


II 

IT 

II 

ST 


IT 

11 

14 

11 

12 


alii 

41 

IS 

14 

84 

84 


SI 

to 

IS 

SI 


IS 

IS 

82 

24 

44 

ISA 

81 


U 

84 


M 

IT 

IT 

IT 


IS 

44 

A2A 


REFERENCES 


1.  E. D.  Thurston  and  T.  Bardeen;  “Minefield  Clearance”;  Project  3.S  ,  Operation  Buster, 
WT-313,  March  1952;  Engineer  Research  and  Development  Laboratories,  Fort  Beivoir,  Virginia; 
Unclassified. 

2.  Owen  Richmond;  “Minefield  Clearance";  Project  3.4,  Operation  Snapper,  WT— 526,  Feb¬ 
ruary  1953;  Engineer  Research  and  Development  Laboratories.  '  <*rt  Beivoir,  Virginia;  Confi¬ 
dential. 

3.  Owen  Richmond;  “Minefield  Clearance”;  Project  3.18,  Operation  Upshot-Knothole,  WT— 
730,  February  1954;  Engineer  Research  and  Development  Laboratories,  Fort  Beivoir,  Virginia; 

'onfldential  Formerly  Restricted  Data. 

F.  Fleming;  “Actuation  of  Land  Mines  Under  Low  Intensity  Long  Duration  Pressure  Blast 
Loading  Conditions";  FLial  Report  No.  1,  February  1957;  Corps  of  Engineers;  Confidential. 

5.  T.  B.  Goode  and  others;  “Soil  Survey  and  Backfill  Control  in  Frenchman  Flat";  Project 
3.8.  Operation  Plumbbob,  ITR-1427,  November  1957;  U.S.  Army  Engineer  Waterways  Experi¬ 
ment  Station,  Corps  of  Engineers,  Vicksburg,  Mississippi;  Unclassified. 

6.  “Capabilities  of  Atomic  Weapons";  TM  23-200,  November  1957;  Armed  Forces  Special 
Weapons  Project,  Washington,  D.  C.,  Confidential. 

7.  E.  J.  Bryant  and  others;  “Basic  Air-Blast  Phenomena,  Part  I";  Project  1.1,  Operation 
Plumbbob,  ITR— 1401,  October  1957;  Explosion  Kinetics  Branch,  Terminal  Ballistics  Labora¬ 
tory,  Ballistics  Research  Laboratories,  Aberdeen  Proving  Ground,  Maryland;  Confidential 
Formerly  Restricted  Data. 

8.  E.J.  Bryant  and  J.H.  Keefer;  “Basic  Air-Blast  Phenomena,  Part  n";  Project  1.1, 

Operation  Plumbbob,  ITR- 1481,  December  1957;  Explosion  Kinetics  Branch,  Terminal  Ballistics 
Laboratory,  Ballistics  Research  Laboratories,  Aberdeen  Proving  Ground,  Maryland;  Confidential 
Formerly  Restricted  Data. 


Military  Datntntux %  CmUgori #•  34  *md  72 


AMY  ACTrTTTID 

1  Deputy  Chief  of  Staff  for  miltary  Operations,  D/a, 

Washington  25.  D.C.  AITW:  Dtr.  of  *41 

2  Chief  of  He  March  ar.d  Develop— at,  D/A,  Washlngt<»  25, 

D.C.  ATTW:  AtaeiC  Div. 

3  Aaaletaat  Chief  of  Staff,  Intelligence,  D/A,  WaahUgton 

25,  D.C. 

A-  -)  Chief  Ch— led  Officer,  D/A,  Washington  25,  D.C. 

6-  7  Chief  of  Engineers,  D/A,  Waahlngton  25,  D.C.  ATTW:  PCM 

6  Chief  of  Xn«i Mere,  D/A,  Veehlngton  25,  D.C.  ATTW:  CKXB 

9  Chief  of  Sagln— re,  D/A,  Weehlngtoo  25,  D.C.  A7TW.  MG:* 

10-  11  Office,  Chief  of  Ordnance,  D/A,  Washington  25,  D.C. 

ATTW!  0BX7IW 

12  Chief  SUmI  Officer,  D/A,  Plana,  fnye«,  eat  Ope. 

Die.,  Washington  25,  D.C.  ATTW:  SIG0P-7A 

13  Chief  of  Transportation,  D/A,  Offlee  of  P  leaning  eat  Int., 

Washington  25,  D.C. 

1A  The  Burgeon  General,  D/a,  Waehlngton  25,  D.C.  ATTW:  MESS 
IV  17  Pr— <nilln|  Oeoeral,  0.8.  Coetloentd  Am  Co— eat,  ft. 
Monroe,  la. 

lfl  Director  of  Speolal  Weapons  Deeelopeeot  Offloe,  Beat* 

quarter#  COUJC,  ft.  Bllea,  Tea.  ATTP:  Cspt.  Cheater  I. 
Peterson 

19  Freelteet,  O.S.  Am  Artillery  Board,  Ft.  Bill,  Okie. 

20  Freelteet,  U.8.  krr.?  Infantry  Board,  Ft.  Banning,  Oa. 

21  Freelteet,  O.S.  Am  dir  Defeeee  hoard,  ft.  Bllea,  Tea. 
Freelteet,  U.8.  Am  Aviation  Board,  Ft.  Mcker,  Ale. 

ATIWl  ATWO -DO 

&  n~ r - .  O.S.  Am  Coacaat  A  General  Staff  College, 

Ft.  Leaiauvorth,  Kansas.  ATTW:  ARCXZVXB 
2]  Co— eadaet,  0.8.  Am  Air  Defeeee  School,  Ft.  Ill**, 

Tea.  ATS:  Co— ead  A  Staff  Dept. 

2A  Co— teat,  0.8.  Am  Areored  School,  ft.  tool,  t f. 

25  Oo— eadeat,  O.S.  Am  Artillery  eat  Micelle  School, 

Ft.  Sill,  Okie.  ATTW:  Canbat  Develop— nt  Depert—nt 

26  Coa—adeat,  O.S.  Am  Arte t Ion  School,  Ft.  dicker.  Ale. 

27  Co— deat,  0.8.  Am  Inf  entry  School,  ft.  leeelnt, 

Oe.  ATTW:  C.D.S. 

26  The  Superintendent,  O.S.  Military  Aaateey,  Meet  Feint, 

B.T.  ATTWt  Trot,  of  Ordaeace 

29  Co— teat.  The  Quarter—  eter  School,  O.S.  Am,  ft.  1—, 

Te.  ATS:  Chief,  te  Library 

30  Oo— tea »,  O.S.  Am  Ordnance  School,  AhcrSoce  Proving 

Cro— t,  Nt. 

31  0— Mast,  O.S.  Am  Ordaaaee  and  Oulted  Ml  eel  le  School, 

Betetoae  Area— 1,  Ale. 

32  Cn— wIIbi  Oeoeral,  Chanted  Corpe  Training  Cote.,  Ft. 

MoClellaa,  Ala. 

33  Co— teat,  USA  Sl^ial  School,  Ft.  Mo— outh,  I.J. 

yk  Oa— i endaat,  DBA  Trane  port  School,  Ft.  Buetle,  fa.  ATTW: 
Security  ead  Info.  Off. 

35  0—n lint  Oeeerel,  The  Englceer  Center,  Ft.  Bel— lr,  Te. 

ATS:  Aeet.  Ctet,  tngr.  School 

36  rr—nitm  Qenefal,  Am  Medical  U-viee  School,  Brooke 

Am  Medical  Center,  Ft.  8—  Boueton,  Tea. 

37  Director,  A  mad  Forme  Institute  of  Pathology.  telter 

Beet  Am  Med.  Center,  625  16th  St.,  W,  Washington 
25,  D.C. 

36  Co— tins  Officer,  Am  Metical  Beeearch  Lab.,  Ft. 

Snon,  fr. 

i'  Co— enter.-.,  Welter  Mete  Am  lot*.  «  Valter 

Beet  Am  Medical  Cent**-,  wasnlngton  ?5,  D.C. 
ko-  41  f  ■mil  |  General,  te  MD  Coat.,  te  BSD  Cntr.,  hatlsk, 
Mace.  ATTW:  CSB  Unison  Officer 


12  n— n11~rt  Oeoeral,  te.  Beeeereh  tte  Engr.  Cote.,  USA, 
BetVk,  Face. 

13-  kk  Canaaadlrm  General,  C.E.  Am  Ch— leal  Corpe,  Beeeereh 
and  Develop— nt  Coat.,  Washington  25,  D.C. 

15-  46  Co— ending  Officer,  Ch— led  Warfare  Ub  ,  Am 
Ch— led  Center,  Mt.  ATTT:  Tech.  Library 
47  Co— eating  General,  Engineer  Beeeereh  and  Dec.  Uo., 
ft.  Belvolr,  Te.  ATTW:  Chief,  Tech.  Support  Branch 
46  Director,  Wateivsye  KxperLeeat  Station,  P.0.  Bo*  b.U, 
Tick* burg,  Mice.  ATTW:  Libiary 

49  Cm riding  Officer,  Offlee  of  Ordnance  Be  March,  Bo* 

CM,  Duke  Station,  Dur'ea,  Be.  th  Carolina 

50  fr—  ml  1  ng  Officer,  Flcntlnny  Areeaal,  Dover,  I.J. 

■  0KB1-1E 

"JL  f'i— nfllnf  Officer.  Dt— ond  Ord.  fuxe  labs.,  Wmhlngton 
25,  D.C.  ATTW:  Chief,  Buel—r  Tulnereblllty  Br.  (230) 
52'  53  r  —ill It n a  General,  Aberdeen  Proving  Ground*,  Md.  ATTW: 
Director,  Ball  lat  lea  ha  March  laboratory 
5k  -—mill  Oenerd,  Frankfort  Arsend,  lrldge  and  Taeoey 
St.,  Philadelphia,  Fe. 

55  Con— ndlng  Officer,  Wetervllet  Areend,  Wetervliet, 

lev  Tnrk.  ATTW:  O0DBF-KB 

56-  57  C— ding  Generd,  O.S.  Am  Ord.  Mlaalle  Co— ead, 

Bedet  me  Areend,  Ale. 

56  Co— ending  Oeoeral,  Ordnance  Tank  Autanotlve  Co— end, 

Detroit  Areend,  Centerline,  Mich.  ATTW:  CKMC-BO 

59  Co— anting  Generd,  Ordnance  A— unit  Ion  Co— and,  Joliet, 

Ill. 

60  0—  lining  uMMr»l,  Ordnance  Weapons  Co— and,  Bock 

Iclend,  Ill. 

61  Cr— ending  Officer,  USA  lipid  BSD  Labrr-tory,  Ft. 

Monaouth,  B.J. 

62  Co— ending  Oenerd,  O.S.  Am  Electronic  Proving  Ground, 

Ft..  Busehica.  Arts.  ATTW:  Tech.  Library 

63  Co— ending  Officer,  USA,  Sip— 1  BSD  laboratory,  Ft. 

Mo— outh,  B.J.  ATTI:  *eeh.  Doc.  Ctr.,  Ivenc  Area 
6k  "  •  1  Officer,  USA  Transportation  Beeeereh 

Co— ate.  Ft.  Bustle,  Te.  ATTW:  Chief,  Tecs  Info. 

Div. 

65  Co— ending  Officer^  DBA  Transportation  Coebat  Develop— nt 

Group,  Ft.  Buetle,  Te. 

6 6  Dir— tar,  Operations  Beeeereh  Office,  Johns  Bopklne 

University,  6935  Arlington  Bd. ,  hat heads  lk,  Md. 

67  r  —inline  Oe— ral,  0.  B.  OSD  tpeeid  Ueepo— -A— ltloa 

Co— ate,  Dover,  IJ. 

66  Coe— tear- U-Chief,  O.S.  Am  Mrape,  AFO  403,  Tort, 
1.7.  ATTW:  Opot.  Dlv.,  Weapons  Br. 

69  r  —mil ii|  Offlmr,  9th  Soepltd  Center,  AFO  lflO,  Sew 
Tort,  I.T.  'TIWi  CO,  00  Am  Bucleer  Medicine 
Beeeerah  Detach— t,  Europe 

■att  Acnrrmp 

TO  Chief  of  lavd  Operations,  D/W,  beahlngton  25,  D.C. 

ATTW:  0F-OJB3 

71  Chief  of  Bevel  Operations,  D/l,  Washington  25,  D.C. 

ATTW 1  Of-31 

72  Chief  of  Bevel  Operations,  D/*,  Washington  25,  D.C. 

ATTW:  OF-75 

73  Chief  of  Bevel  Operations ,  P/l,  Wachlngton  25,  D.C. 

ATTW:  GP-91 

74  Chief  of  level  Operations,  D/>,  Washington  25,  D.C. 

ATTW:  CF-98201 

7*-  76  Chlaf  of  Bard  Beam rah,  D/I,  Washington  25,  D.C. 

ATTW:  Code  611 


7-  79  Cbt*f,  Bur»«u  o'  *»vai  Weapon*,  D/S,  H*il»la*t-)B  25*  D,C. 
Arm:  DU-? 

30  Bureau  of  *  •dicta*  cad  **/e»ry.  D/*» 

25,  D.C.  iTS:  Special  Wpn*.  D*f.  Mt. 

61  Chief,  »ur»u  of  Ordnance,  D/l,  Waahiagton  25,  D.C. 

62  Chief,  Bureau  of  Ship* ,  D/S,  Waahinkton  25*  D.C. 

ATTSt  Cod*  W3 

83  Chief,  Bure**  of  Tarda  and  Do*ke,  D/I,  Waahtnstoa  25. 

D.C.  AITS-  >4*0 

0k  Direetor,  V.S.  Semi  ImwhI  Laboratory,  Weahlart®* 

25,  D.C.  ATT* i  Mr*.  I*th*rln*  I.  C*** 

5-  66  r-T -  C. ■.  Sawnl  »*■■»«  laboratory,  Kbit*  Oak, 

•tlrar  Syrlx«  1J»,  Md. 

87  r~iT«"~|  Offlte*  ao-i  Director,  Bary  tUrtroalca 
Laboratory,  *«*>  Dl##»  52,  Calif. 

68  QmmmUa*  om#*r,  O.S.  Mavnl  Mia*  Dafan*e  Lab., 

Pa c*aa  City,  Ha. 

f»)  QtMilai  Offltar,  D.C.  Oawnl  JtaAlolokicnl  <*'*«*• 
Laboratory,  aw  fraa*l*oo,  Calif.  ATI*:  Tb*b. 

Info.  Dir. 

yg  Co— aodlae  Of  fleam  rod  D tractor,  0.8.  Saral  Clrll 
ftttlaeerU*  laboratory,  fort  tu*«*M,  Calif. 

Amt  Cod*  L31 

93  r— - 1  Officer,  0.8.  Saral  Ac  bool*  Co— d,  V.t. 

Saral  Station,  Tra**«ra  X*laad,  San  Pmoel**o,  Calif, 
jb  Suk*rU.t*od*nt,  O.S.  Saral  Po*t*radu*t*  Softool,  Montere* , 
Calif 

95  Co— dlas  Officer.  Sucloar  W**t-o*  Traioia*  C**t*r, 

Atlaatl*.  0.8.  Saral  Sa*«,  Norfolk  *1,  P».  ATTSt 
tttt’wr  Warfare  Dept. 

96  Co—  ‘i~i  Officer,  Saelear  weapon*  Traiola*  Ceater, 

fa*UiO,  Saral  Station,  Su  Dl**>,  Calif. 

97  rrwmt *11  t  Officer,  O.S.  ^ral  Dm***  Control  To«. 

Center,  Saral  Bate,  Philadelphia  12,  Pa.  ATTS:  ABC 
Dtfaaa*  Cour**  .  _  , 

9«  COM and  las  Officer,  Air  rewelop—nt  Nqu*dron  5,  rX-5» 

Chin*  lob*,  Calif.  .... 

9,  -  - - ,  «•»•!  Air  K*t.rl»l  C«ot.r,  Mll»- 

telsbl.  A2,  To.  AIT*:  T«.«nle*l  n.t.  «r. 

100  "-|||  1  ,  offmr  □.*.  U.U  Air  D...lo|..it  C«it.r, 

JofeOTUl.,  *•■  ATT51  US, 

101  - T  Offlc.r,  O.S.  U«U  Ullc^  Uo^oo  Ll.tltgU, 

a.tlnul  l.ftl  Mini  Oot.r,  milA,  M. 
in.  | ' •  - 1  offlc.r  «vl  DlrMtor,  Urld  w -  TAjlar  ltod.1 

lull.  WMKlacton  7,  D.C.  AITS  1  Utmi7 
•m  om»r-u<un..  o.«.  mi  »w*i» 

mupal  n.uitr,  l.wl  Suwl*  Cmiur.  M M. 

10.  -  -  -----  "  "  :»r.l.  Carp*.  "..suit™  25.  D.C. 

*mr-  <M«  A03S  _ 

in  Hnrtv,  mnm  cot*  Imsiaf  m*.  mm" 

Conor,  ««.  mil". 

ux  —1  tm«,  o.s.  u~i  ere  usooi.  o.s.  fc~i  *tr 

,t.. to*.  oim»-  *»“>•  «*•  „  „ 

,_ioA  .-si.r,  mnu  or  i.nl  Uwm.,  I|^  mra«i. 
lB,to.  25.  D.C.  AlTSl  1*12 

An  racs  siimin 

109  la.  our,  ATIll  Op.r»tU*»  Ao.lT.1.  OfflM.  OTflc..  Tl«. 

Chl.f  ot  Staff,  s.thlnstoa  20.  D.  C.  _ 

U3  nmw  of  Ct.ll  *n»l«~rlo«.  ■>-  m,  SuAlo^o.  n,  D.C 
ATTSi  ATCCS  .-0I1 

••r  ou  IitoUlim  C«IU,  So.  <SJi  *c*fI 

(AFCa-Jfl)  y.^l»sto"  25,  D.C. 
o  cm. tor  of  Uoo.rrt  «*  Dmlopuiit,  DCS/D,  ».  ^air, 
vuhlnsto.  25.  D.C.  ATOi:  OoH.oo.  .r.d  «»"»  !»• 

Ill  ft.  *mr^.  ».  CUT.  W..Mo,too  25.  D.C. 

iTB-  llo.-D.f.  fro.  1o4.  DtTUlon 


k  CoM*nd*r,  Tactical  Air  C  +od,  L 
Doc.  Security  Branch 
i  Co— dr.  Air  D*f*aw  C.-*  0,  L**'« 

ATOI:  A**i«tant  for  At*  *■.  frvrr^ 

’  Q - der,  Bq.  Air  6***ar--  »■“*  ' »» 

Amlrava  ATB ,  Vachlnctoe  ,  . 

i  CoM*ad*r,  Air  force  Ball  ' 
fore*  Celt  Port  Office,  r*.  • 
CoMaodar,  AP  Caabrld^*  **•  ■  ~* 

yield,  Bedford,  H**a.  APIS: 

Com* ad* r,  Air  Pore*  8r*"ltl  t 
Albxjq’iarqu* ,  S.  b  «  *TTTJ: 
Director,  blr  -Oalrnr*  '  j  b»^rr  r*  •«■ 
r  irnnlT.  Lowry  la^olc.'!  rpalwln* 
Lowry  APB,  Dcr.rar,  C*.  v-  do. 
Ccawndaot,  tichool  of  .  **ed  . 

forca  B**«.  T«.ta*. 

Com* taler ,  1009th  Sp.  WJ-* 

25,  D.C. 

CoMaodar,  ■rl«ht  Air  Dcral  .5  9nr.  C- 
A/f,  Da/toa,  Oft  to.  ATTu**  W.  ^  {*■ 
Director,  mo  Project  MPi.  TA.  *t 
Th*  BAJTO  Corp. ,  l-X  Kaln  t  .'o 
CiMinlir.  Bcm  Air  fewl'ev  t  U 
Art,  8.T.  AYE.':  jm—  w.'*^ary. 
r  —  niiir  Air  l*cftiu<i«l  la u  : 

Vrlkbt-P'  .taraos  Art,  Oiwi.  ATT1: 
Annuo*  Chief  of  C*aff ,  Inteill^e 
633,  New -tort,  ».T.  AiTN:  Dlreetf 
CcM*nd*r  In  f‘-  •  *  Pacific  A* ~  P'* 
franclaco,  Calif  "xTS:  PTC  . 


/•/  APt  Vs.  *»  S: 

’f>,  Col  rado. 

-a 

•lXft*r.'.  1  j  ■**/!' 

-TH:  KIrt  i A 

">lr .  ‘V  Mr 
r  •  A'  .  TT 

•*r.  ;  .  .  !r  *  "  » 

Cantor  -  'i  A/P 
of  o .  k 

w*l I  J,  A}; 
a*.v#  l  *■  * , 


ita,  w  ,h»  •:  itterso: 
•  wc:5e.' 

T  LJal*  2 1  f  ■>>*, 
a  H-ici 

r,  APT.  ,  Ort-ri*# 
tSL- 

a.  ,  IM 

rcui-A.  •  .1  ■  r 

c,  rV  Ct  u  •* 
r*  or  .1 


r*  or  .1  ft.ie'x-’ 

3 ,  5S  '■  S"  Ji 


0TESS  DSfAJnWIT  '*T  '-MPSSP* 


IkO  Dlractor  of  Dafca*'  Necearo’  to*‘naerla|,  <a*»  ir^t  on  25, 
D.C.  APIS:  Taeh.  L. brmry 

lbl  Cbclraan,  Ai»*d  d«rwlc.**  t  *.  »*»  ^ ^  ’ 

Buildlak  T-7,  Craaelly  VJt^a  \  • 

ISC  Director,  Weapon#  3y*t*a*  3ti  .rou?,  dc*«.  1K500. 

Tft*  PaatM°n*  Waihlaato:.  D.C 

lkl-lb6  Chief,  D*fM*e  Atoalo  Suppc  .  .  Wm  •  aw  25.  *>.C- 

ATTN:  Doc*r  ot  Llbrar 

lk7  CoMMor,  ;.*ld  r-  •.  ■  t  Bae*.  Albaqwrv.ue, 

I.  Max. 

1A6-1A9  - -  ,  yield  C0MK»i,  £  .  /W  »  B***,  Aibuqu* *>«“•» 

S.  Mm.  ATTSt  fCTO 

150-154  Oc—r,  Plaid  Co^and  r..  Bu«,  AiLvr-reu* 

I.  Mm.  ATTNi  fevr 

155  CoMMd*r-im-Chl*f,  Sf.*t*t,'i  AJ-  *  •'  *od.  0ff«tt  Art, 

Bab.  ATTSi  0A» 

156  H.8.  me— te  0ff»f/r,  Office  of  •  •  Cuitod  b^tc* 

Nat  trail  Military  Sapreeer.t** '  -  '  iATb,  APO  55, 

Wm*  Turk,  S.T. 

*— ^  mm  cc  hip*-  -  at— 

157-159  0.P  *'  —  Sbe»*Jp  Co «l*c ‘.on,  Tech*,  al  llt.e— ,  *\aMn^- 

-wS  25,  D.C.  AITS:  ior  »U 

160-151  Loa  Scientific  Labor*  rt  fcrai-,  *J 

Box  1663,  Loa  Alaac-  ».  B*lc »  Me.  M 

162.165  Sacdia  Corporation.  Cl  •  -‘1‘lal.a  J ••>>.  •  a 

Ba*e,  Alb'X^.qv.*,  *.  w,  A.  .  i  J .  ,'.yth  .*r. 

167-176  Delrarr’  -  :f  1-  **•*£-'  iMi*  i* ■».*/. 

f.o,  _r ■  ■  »**•  ■  ...  S  C’*»»l*  C.  C.I.'.i 

177  Vaapoa  Oat  m..klon,  Tw  .  1 

Kxtaealrr ,  Oak  S'. dr.,  *y 

178-210  Tccb"  .al  t'  .  -mklon  »o»»i  .  •  *  1.  f  *k  Nii*-. 

(Surplu*) 


’vA  %  Baa*,  Alb^uerqu*. 
/V  *  Baa* ,  Aibuquerqu*, 
.  Bae*  ,  Aitvr.—niv** 


